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THE     MOTOR     FLNCTIOxNS     OF     THE 

INTESTINE     FROM     A     NEW 

POINT     OF     MEW  * 


WALTER     C.    ALVAREZ,     M.D. 

SAN     FRANCISCO 


According  to  modern  textbooks  the  small  bowel  is 
a  tnbe  whose  structure  and  physiologic  characteristics 
are  much  the  same  from  one  end  to  the  other ;  and 
material  is  supposed  to  move  aborally  because  of  the 
myenteric  reflex,  or  Bayliss  and  Starling's  "law  of  the 
intestine."  According  to  this  law,'  "Excitation  at  any 
point  of  the  gut  excites  contraction  above  and  inhibi- 
tion below" ;  and  it  can  easily  be  seen  how  this 
mechanism  must  favor  the  aboral  progress  of  material 
through  the  intestine. 

Cannon-  has  warned  us,  however,  that  this  reflex  and 
normal  peristalsis  are  not  the  same,  nor  is  it  always 
in  control  of  the  mechanism  of  the  bowel.  A  moment's 
thought  will  show  that  this  must  be  true ;  otherwise 
food  once  introduced  into  the  duodenum  would  never 
stop  in  its  rush  to  the  anus.  My  own  graphic  records 
of  peristaltic  rushes,  secured  with  six  or  seven  entero- 
graphs,  rarely  show  any  relaxation  before  the  oncom- 
ing wave.  On  the  contrary,  powerful  contractions 
appear  below,  which  serve  to  stoji  the  rush  from  going 
loo  far. 

Unfortunately,  the  stimuli  ordinarily  used  to  elicit 
the  reflex  have  been  traumas  —  pinches,  sudden  dis- 
tention by  balloons,  etc.,  and  little  effort  has  been  made 
to  see  wliat  happens  above  and  below  the  normal  loop- 
ful  of  digesting  food.^     Much  might  be  said  about  the 

*  From     the     George     Williams     Hooper     Foundation     for     Medical 

Research,  tTniversity  of  California. 

•  Read  before  the  Section  on  Pathology  and  Physiology'  at  the 
Sixty-Sixth  Annual  Session  of  the  American  Medical  Association, 
San   Francisco,    Tune,    1915. 

1.  Bavliss  and   Starling:    Tour.   Physio!.,   1899.   xxiv,   110. 

2.  Canon:    Am.   Jour.    Physiol.,    1912,  xxx,   125. 

3.  "What  causes  the  myenteric  reflex  to  appear  or  not,  when  material 
is  present,  is  as  yet  undetermined,"  Cannon;  Am.  Jour.  Physiol.,  1912, 
xxx,   125. 


difficulties  met  with  by  tliose  who  have  studied  this 
reflex ;  about  the  narrow  limits  ( 2  to  3  cm.  on  either 
side  of  the  stimulus)  within  which  it  ordinarily  is 
operable,  but  it  would  be  beside  tiie  point.  The  exis- 
tence of  the  reflex  has  been  well  estalilished  ;  but  we  do 
not  know  how  far  it  enters  into  normal  peristalsis, 
and  we  must  admit  that  this  explanation  for  the 
downward  progress  of  food  through  the  intestine  is 
not  sufficient  in  itself.  Perhaps  for  this  reason  the 
"law  of  the  intestine"  has  been  of  little  help  to  the 
gastro-enterologist  in  the  solution  of  his  problems. 
"It  does  not  govern  the  rhythmic  contractions  of  the 
small  intestine,  the  rhythmic  peristalsis  and  antiperi- 
stalsis  of  the  colon,  and  probably  not  the  rhythmic 
waves  of  the  stomach.     .     .  For  these  activities 

the  tonic  contraction  of  the  zcall  of  the  canal  is  all- 
important."  * 

FUNC"TIOX.\L    DIFFERENCES    IN    THE    VARIOUS    PARTS 
OF    THE    INTESTINE 

A  number  of  writers^  in  the  past  have  noticed  differ- 
ences in  muscular  strength  and  tone  —  dift'erences  in 
rhythm  and  irritability  —  in  the  various  parts  of  the 
bowel ;  but  they  did  not  seem  to  realize  the  importance 
of  their  findings,  and  their  writings  certainly  have  had  • 
no  cft'ect  on  our  conception  of  the  motor  functions  of 
the  intestine.  M)'  own  study  of  these  functional 
dift'erences  in  the  various  parts  of  the  intestine  of  ani- 
mals soon  suggested  to  me  that  they  might  play  a 
large  part  in  the  passage  of  material  through  the 
tract.   The  contents  of  a  muscular  tube  so  constructed 

4.  Cannon:  The  Mechanical  Factors  of  Digestion,  London,  1911, 
p.  195. 

5.  For  some  of  the  literature,  particularly  in  regard  to  differences  in 
rhythm,  see  Alvarez:  Am.  Jour.  Physiol.,  1914,  x.\xv.  177;  ibid.,  1915, 
x.xxvii,  266.  Differences  in  muscular  thickness  in  different  parts  of  the 
small  intestine  have  been  noted  by  Monks:  Ann.  Surg.,  1905,  xlii,  549: 
Berard:  Cours  de  physiologic,  Paris,  1849,  ii,  285;  Jonnesco:  Poirier  et 
Charpy's  Traite  d'anat.  humaine,  Paris,  1901,  iv,  284;  Flint:  Textbook 
of  Human  Physiology,  New  York,  1895,  p.  234,  and  others.  Differences 
in  sensitiveness  to  various  stimuli  have  been  observed  by  SchiUbach; 
Arch.  f.  path.  Anat.,  etc.,  Berl.,  1887,  cix.  281;  Biedermann:  Arch.  f.  d. 
ges.  Physiol..  1889.  xlv,  372  and  379;  Floel:  Ibid.,  1885,  xxxv,  161; 
Liideritz:  Arch.  f.  path.  Anat.,  etc.,  Berl.,  1SS9,  cxviii,  24  and  32,  and 
others.  Differences  in  the  driving  power  have  been  shown  by  Hess: 
Deutsch.  Arch.  f.  klin.  Jled.,  1886-7,  xl,  105.  A  balloon  in  the  dog's 
intestine  was  fastened  to  a  thread  which  came  out  o.f  a  gastric  fistula 
and  ran  over  a  pulley.  At  the  end  of  the  siring  was  a  little  bag  which 
could  be  tilled  with  shot  uniil  its  weight  stopped  the  progress  of  the 
balloon.  Eighteen  cni.  from  the  pylorus  228.5  gm.  were  needed;  38  cm. 
from  the  pylorus  90.4  gni.  were  needed;  50  cm.  from  the  pylorus 
75.5   gm.   were  needed. 


would  probably  move  from  the  more  active,  irritable 
and  powerful  re<jions  above  to  quieter,  less  sensitive 
segments  below,  where  the  muscular  coats  are  thinner 
and  less  tonically  contracted.  Reverse  peristalsis  would 
hardly  occur  unless  the  lower  parts  of  the  bowel  could 
be  stimulated  to  an  activity  greater  than  that  ordi- 
narily found  in  the  upper  stretches. 

We  think  of  the  heart  today,  not  as  jnunp  with 
purely  mechanical  valves,  but  as  an  elaboration  of  the 
primitive  tube  in  which  the  rhythmic  power  of  each 
segment  varies  inversely  as  does  the  distance  from  the 
sinus.''  So  important  is  this  difference  that  the  cur- 
rent is  reversed  in  the  simpler  types  of  heart  if  the 
aortic  end  be  made  to  beat  faster.' 

Similar  experiments  have  been  performed  with  seg- 
ments of  the  digestive  tract.  The  direction  of  peristal- 
sis in  the  crop  of  aplysia,  a  large  marine  snail,  can  be 
changed  at  will  by  increasing  the  tension  at  one  end 
or  the  other.**  Cannon"  has  shown  that  waves  will 
course  over  the  excised  stomach  of  a  frog  or  cat  in 
either  direction,  depending  on  the  location  of  a  pul- 
sating tonus  ring.  Still  more  pertinent  is  the  e.xperi- 
ment  in  which  he  dijjped  the  aboral  end  of  a  short  loop 
of  small  intestine  into  a  weak  solution  of  barium 
chlorid,  and  by  thus  raising  its  tone,  reversed  the  direc- 
tion of  peristalsis.^"  Stimuli  which  raised  the  tone  in 
the  middle  of  such  a  loop  sent  off  waves  in  both  direc- 
tions.^^ 

The  few  references  I  have  been  able  to  find  to  the 
motor  functions  of  the  digestive  tract  in  the  lower 
forms  of  life  show  how  much  the  progress  of  food 
through'  their  simple  tubes  depends  on  local  differ- 
ences in  tone  and  rhythmicity.'-    It  is  harder  to  recog- 

6.  Erlanger:   Arch.    Int.   Med.,   1913,  xi,  3.14. 

7.  Gaskell:    Sch.Hfer's    Textbook    of   Physic!..    London,    1900,    ii,    184. 

8.  Von  Briicke:  Arch.  f.  d.  ges.  Phjsiol.,  1905,  cviii,  209 

9.  Cannon:    Am.    Jour.    Physiol.,    19C9,   xxiii,    xxvii. 

10.  Cannon:   Am.  Jour.   Physiol.,    1912,   xxx,   119. 

11.  Cannon:  Am.  Jour.  Physiol.,  1909,  xxiii,  xxvii.  "A  ring  at  the 
cecum  repeatedly  sends  oflF  downward  running  waves;  a  new  ring  made 
now  near  the  terminus  of  these  waves  starts  reversed  waves;  and  a  tonic 
ring  made  midway  in  the  proximal  colon  not  infrequently  will  originate 
waves  which  pass  away  in  both  directions."  Cannon:  Arch.  Int.  Med., 
1911,   viii,    419. 

12.  See  papers  by  Bottazzi  on  the  Aflvsia.  a  large  marine  sltig:  Jour. 
Physiol..  1897-98,  xxii,  481,  and  v.  Bru'cke:  Arch.  f.  d.  ges.  Physiol., 
1905,  cviii,  202;  Bottazzi  on  some  fishes,  Ztschr.  f.  Biol.,  1902,  xliii.  364, 
and  Hardy  and  McDougall  on  lower  crustaceans,  Proc.  Cambridge 
Philosoph.  Soc,  1893,  viii,  41.  A  valuable  point  brought  out  in  these 
studies  and,  J  believe,  largely  applicable  to  man,  is  that  material  does 
not   press  up   to   and    pack   against    the   sphincters.      The   real    barrier   is 


iiize  this  simple  inechanisin  in  the  much  elongated  and 
more  specialized  gut  of  a  mammal,  but  there  is  con- 
siderable evidence  that  short  nerve  paths  through 
Auerbach's  plexus,  and  longer  paths  through  the 
mesentery  and  ganglia  keep  the  stomach  and  cecum 
as  close  together,  functionally,  as  they  are  in  a  snail 
or  a  frog.'^ 

CLOSE    CONNECTION     OF    \ARI(JUS    PARTS    OE    TRACT 

The  use  of  a  number  of  enterographs  at  one  time, 
particularly  in  the  cat,  has  shown  me  how  immediate 
is  the  response  of  one  part  of  the  tract  to  changes  in 
tone  and  activity  in  another.  In  addition,  what  might 
be  called  ripples,  invisible  to  any  one  watching  the 
bowel,  can  plainly  be  seen  on  the  records,  running  in 
a  few  seconds  from  the  pylorus  to  the  colon.  Xow  and 
then  these  riiiples  show  themselves  as  short,  diastaltic 
rushes,  much  perhaps  as  a  swell  from  the  ocean  strik- 
ing a  shallow  shelf  suddenly  becomes  a  comber.  With- 
out the  graphic  record  no  one  would  think  of  associat- 
ing a  short  rush  200  cm.  from  the  pylorus  with  a  par- 
ticular gastric  contraction  or  with  a  sudden  cessation 
of  colonic  activity.  Bayliss  and  Starling  have  well 
said  that,  "every  point  of  the  intestine  is  in  a  state  of 
activity,  which  can  be  played  upon  and  modilied  by 
impulses  arriving  at  it  from  all  portions  of  the  gut 
above  and  below."  '*  The  promptness  with  which  a 
mouthful  of  food  introduced  in  the  stomach  causes 
material  to  pass  through  the   ileocecal  valve^^   or  to 

not  the  sphincter,  but  a  ring  of  muscle  with  high  tone  and  inherent 
rhythmicity,  placed  around  or  just  above  the  valve.  This  not  only 
blocks  impulses  coming  down,  but  starts  up  reverse  waves  that  protect 
the  sphincter  from  being  put  under  pressure.  I  have  shown  how  the 
sacculus  rotundus  may  protect  the  ileocecal  sphincter  of  the  rabbit. 
Alvarez:  Am.  Jour.  Physiol.,  1914,  xxxv,  184.  A  similar  thickening 
has  been  described  in  man  by  Keith:  Jour.  Anat.  and  Physiol.,  1903, 
xxxviii,  7,  and  Elliott:  Jour.  Fhysiol.,  1904,  xxxi,  15S.  The  greater 
tone  of  the  lower  end  of  the  colon  in  man  serves  the  same  purpose, 
probably,  as  do  the  pulsating  tonus  rings  tl.at  guard  the  anus  in  the 
above-mentioned   fishes  and   crustaceans. 

13.  Roith  describes  two  cases  in  which  rectal  injections  brought 
about  movements  in  the  upper  colon  although  the  bowel  in  between 
was  completely  severed.  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1913, 
XXV,  208.  Marbai.x  produced  inhibition  of  gastric  emptying  by  filling 
the  jejunum,  even  after  complete  section  of  the  duodenum.  La  Cellule, 
1S98,  xiv,  283.  Surmont  and  Dubus  obtained  immediate  responses 
from  the  colons  of  dogs  and  cats  by  stimulating  the  duodenum,  even 
after  lemoving  sections  of  ileum,  Arch.  d.  Mai.  I'App.  dig.,  1912,  vi,  181. 

14.  Bayliss  and   Starling:  Jour.   Physiol.,   1899,   xxiv,    116. 

15.  ilertz:  Jour.  Physiol.,  1913,  xlvii,  55.  I  have  observed  the 
promptness  of  this  reflex  many  times.  Cole's  observation — see  note  66 — 
is   also   very   striking. 


rush  through  tlie  colon/''  shows  that  the  Inimaii  intes- 
tine also  acts  very  much  as  a  short  unit. 

THE     TlIi:OKY 

Returning,  then,  to  the  idea  of  a  tube  with  greater 
tone  and  rh_\thniicily  at  the  oral  end,  it  is  apparent 
that  a  rise  of  tone  at  the  upper  end,  due  to  the  intro- 
duction of  food  or  to  irritating  lesions,  would  hurry 
the  aboral  progress  of  food ;  while  a  similar  rise  at  the 
lower  end  should  slow  the  current  or  even  reverse  it. 
A  rise  anywhere  in  the  middle  of  the  tube  should  cause 
material  to  flow  both  ways  from  that  point. 

A  more  rapid  current  might  be  brought  about  also 
by  lowering  the  tone  of  the  lower  end.''  If  the  gradient 
of  forces  should  become  a  horizontal  line,  no  progress 
could  be  made,  no  matter  how  great  the  activity 
throughout  the  tube.'** 

While  much  work  yet  remains  to  be  done  on  animals 
before  such  a  theory  can  be  firmly  established,  it  seems 
worth  while,  at  this  time,  to  go  over  the  literature  of 
the  laboratory  worker,  the  clinician,  the  surgeon,  and 
particularly  of  the  radiologist,  to  see  how  well  this 
hypothesis  accords  with  the  facts  already  at  hand. 
Physiologic  methods  (Roentgen  ray,  gastric  analysis, 
etc.)  in  the  hands  of  the  clinician  have  been  yielding 
re.=ults  that  are  not  to  be  despised  even  if  Dame  Path- 
ology did  arrange  the  experiment ;  and  an  ill-assorted 
collection  of  observations  awaits  only  the  systematiz- 
ing touch  of  a  basic  theory. 

That  the  rhythmic  segmentation  of  food  anywhere  in 
the  tract  is  associated  with  a  rise  of  tone  has  been 

16.  Meyer-Betz  h[is  seen  the  colon  empty  into  the  ampulla  almost 
immediately  after  the  patient  took  some  food.  Immediate  postprandial 
desire  for  stool,  or  even  diarrhea  in  children  and  some  adults,  is  wed 
known.      Miinchen.    med.    Wchnschr.,    1912,    li.\,    2717. 

17.  Material  seems  to  go  through  the  small  intestine  faster  than 
usual  when  there  is  a  large  fistula  in  the  terminal  ileum  or  cecum. 
There  seems  ordinarily  to  be  a  retarding  influence  from  the  highly 
tonic  colon.  See  Demarquay:  L'Cnion  med.,  1S74,  .wiii,  906;  and 
Macewcn:    Lancet,    London,    1904,    ii,    99?.. 

18.  Katsch  concludes  that  there  is  no  proportion  between  the  intensity 
of  peristalsis  and  the  progress  ot  material  tiirough  the  tract.  At  times 
the  food  will  move  with  ease  through  long  stretches  of  an  almost 
passive  bowel,  and  yet  the  violent  contractions  produced  by  drugs 
like  pilocarpin  may  have  little  forwarding  effect.  Zlschr.  f.  exper. 
Path.  u.  Therap.,  1913,  -xii,  287  and  233.  Bayliss  and  Starling,  Jour. 
Physiol.,  1900,  xxvi,  126.  and  Kelling,  Ztschr.  f.  Biol.,  1903,  .xliv,  240, 
have  shown  that  the  waves  frequently  put  no  pressure  oil  the  contents 
of   the  gut. 
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well  proved."  That  irritating  lesions  also  raise  the 
local  tone  is  the  daily  experience  of  the  radiologist. 
The  si)astic  jiylorus  or  hour-glass  stomach  with  adja- 
cent ulcer,  and  the  hypertonic  stomacii  and  duodenum 
in  duodenal  lesions  bear  witness  to  this  point.-" 

The  word  tone  may  have  to  be  used  rather  loosely 
in  this  paper  for  the  sake  of  brevity.  We  cannot  tell 
vet  what  part  other  factors  —  such  as  diiiferences  in 
rhythm  and  irritability  —  play  in  altering  the  gradient 
of'  forces  through  the  tract.-'  The  words  higher  and 
lower,  which  will  appear  frequently  in  the  following 
pages,  refer  to  dififerences  in  tone  and  muscular  force 
and  have  absolutely  no  relation  to  position  in  the  abdo- 
men, or  to  gravity.  1  trust  no  one  will  misunderstand 
or  forget  this  point.  There  are  enough  surgeons 
already  who  tinker  at  the  bowel  as  if  it  were  a  coil 
of  rigid  tubing  always  held  in  one  position.  The 
intestine  is  a  muscular  organ  and  "material  does  not 
move  along  the  canal  unless  the  pressure  is  greater  on 
one  side  of  it  than  on  the  other."  --' 

THE     EFFECTS    OF    FOOD    INTRODl'CED    AT    THE 
UPPER     END    OF    THE    TRACT 

It  may  sound  like  a  Hibernianism,  but  food  does 
go  down  the  tract  more  easily  because  it  is  put  in  at 
the  upper  end.  The  rise  of  tone  there  probably  makes 
the  gradient  of  forces  steeper  down  the  intestine.-^  A 
contrast  meal  will  go  down  the  bowel  faster  if  followed 
by  more  food  a  few  hours  later.-*     This  second  meal 

19.  Cannon:  Arch.  Int.  Med.,  1911,  viii^  421.  Mall:  Johns  Hopkins 
Hosp.  Rep.,  1896,  i,  45.  "H  the  intestine  is  at  rest  it  is  anemic,  small 
and  long;  when  digesting  it  is  hyperemic.  large  and  short."  I  have 
placed  two  markers  3.5  cm,  apart  on  an  active  and  apparently  stretched 
piece  of  bowel  and  have  found  them  8  cm.  apart  later  when  this 
region    had    emptied    and    quieted    down. 

20.  "I  have  always  believed  that  the  severity  of  the  spasm  resulting 
from  an  ulcer  was  depe:ident  on  its  irritability  and  not  on  its  size." 
Barclay:  Arch.  Roentg.  Ray,  1913,  -xviii,  235.  Schmieden  gives  it  as 
a  rule  that,  in  ulcer,  the  healthy  parts  of  the  stomach  contract;  in 
carcinoma,   the  diseased   parts.      Arch.   f.    klin.    Chir.,   1911,   xcvi,   265. 

21.  "The  tonic  state  is  fundamental.  I  have  repeatedly  attempted 
to  call  forth  rhythmic  contractions,  both  in  the  atonic  colon  and  in 
the  atonic  stomach,  by  distention,  but  without  success.  The  tonic 
state  is  therefore  quite  as  important  as  the  internal  pressure;  indeed, 
it  is  tiie  condition  for  the  existence  of  that  pressure."  Cannon:  Am. 
Jour.  Physiol.,  1911.  xxix,  242.     See  also  Arch.  Int.  Med.,  1911,  viii.  417. 

22.  Cannon:  Mechanical  Factors  of  Digestion,  London,  1912,  p.  76. 
According  to  Keith,  there  is  enough  muscular  tissue  in  the  colonic 
wall  of  man  to  form  a  mass  as  large  as  the  biceps  of  a  blacksmith's 
arm.      lirit.   Jour.    Surg.,   1915.  ii,    584. 

23.  During  active  digestion,  the  gradient  of  rhythm  is  made  steeper 
by  a  rise  in  the  duodenal  region  and  a  fall  in  the  ileum.  Alvarez: 
Am.    Tour.   Physiol.,  1915,  xxxvii.  277. 

24.  Hertz:    Arch.    Roentg.    Ray,    1912,    xvii,    216. 


probably  keeps  the  gradient  steeper  than  usual  by 
maintaining  the  high  level  of  the  gastric  tone. 

There  is  some  evidence  that  pleasurable  psychic 
stimuli  still  further  raise  this  tone.  Several  observers 
have  noticed  that  contrast  meals  leave  the  stomach 
more  rajiidly  if  they  are  made  palatable.-''  "Sham 
drinking,"  particularly  in  thirsty  animals,  will  cause 
water  to  leave  the  stomach  of  a  dog  much  faster  than 
it  otherwise  would.-"  It  will  also  prevent  the  back- 
flow  into  the  stomach  which  occurs  when  fat  is  put 
into  the  duodenum  through  a  fistula.-'  The  latter 
observation  is  explained  if  the  pleasure  of  drinking  has 
raised  the  tone  of  the  stomach  above  that  of  the  duo- 
denum. 

It  is  a  common  observation  that  patients  who  have 
vomited  albumin  water  and  other  bland  liquids  for 
days  may  cease  when  given  solid  food.  Good  nurses 
are  well  acquainted  with  this  trick  and  often  stop  post- 
anesthetic vomiting  with  a  little  dry  toast.  Attacks  of 
"cyclic"  vomiting  in  children  may  also  be  stopped  in 
this  way.-'  I  hope  later  to  present  evidence  that 
vomiting  is  often  a  manifestation  of  reversed  currents 
due  to  the  presence  of  an  abnormally  high  tone  in  the 
jejunum.-"  \\'ater  would  probably  not  alter  these  con- 
ditions enough,  as  it  passes  rapidly  into  the  intestine 

25.  Hertz:  Arch.  Roentg.  Ray,  1912,  xvii,  219.  See  also  Haudek 
and  Stigler,  who  speak  of  slow  gistric  emptying  when  the  food  is 
taken  without  appetite,  Arch.  f.  d.  ges.  Physiol.,  1910,  cx.x.xiii,  159. 
Also  Gilmer:  Centra'.bl.  f.  Rocntgenstr.,  etc.,  1911,  ii,  235.  Takahashi 
showed  that  cats'  stomachs  emptied  half  as  fast  when  the  animals 
were  fed  with  a  spoon  as  when  lliey  ate  by  themselves.  Arch.  f.  d. 
ges.  Physiol.,  1914,  clix,  3S9.  Sailer  believes  that  the  bismuth  meal 
leaves  the  stomach  quicker  if  the  patient  drinks  it  than  if  it  is  put 
in  by  a  tube,  Univ.   Penr..   Med.  Bull.,   1906,  xix.  136. 

26.  Best  and  Cohnheim:  Ztschr.  f.  physiol.  Chem.,  1910,  Ixix,  116. 
The  dog  has  an  esophageal  fistula  in  the  neck  so  that  water  or  food 
swallowed  does  not  reach  the  stomach,   hence  the  term   "sham-feedi'ng." 

27.  Best  and  Cohnheim:  Ztschr.  f.  phvsiol.   Chem.,    1910.  Ixix,   125. 

28.  McClure:  Am.  Jour.  Dis.  Child.,  1914,  vii,  48.  Hahn:  Med.  Klin., 
1911,  vii,  1452.  Tobler:  Deutsch.  med.  Wchnschr.,  1914,  .xl,  1042. 
Bartiett:  .•\m.  Jour.   Dis.   Child..  1914,  vii,  310. 

29.  I  have  graphic  records  from  cats,  and  from  a  man  with  a  fistula, 
showing  that  a  marked  rise  in  the  tone  of  the  jejunum  preceded 
spontaneous  vomiting.  Strange  to  say,  almost  all  writers  on  vomiting 
have  apparently  forgotten  that  there  is  such  a  thing  as  an  intestine. 
Physicians  think  they  can  stop  vomiting  if  only  they  can  keep  food 
out  of  the  stomach.  Cohnheim  and  Dreyfus  produced  nausea  and 
vomiting  in  dogs  repeatedly  by  distending  'the  small  intestine  with  a 
balloon.  Ztschr.  f.  physiol.  Chem..  1908.  Iviii,  56.  Hirsch  produced 
vomiting  in  dogs  by  giving  solutions  of  organic  acids.  .Acetic  acid 
was  most  active  in  this  regard,  apparently  because  it  had  the  least 
effect  on  the  stomach  and  the  most  marked  stimulating  effect  on  the 
intestine.  This  produced  back  currents  as  shown  by  the  flow  of  bile 
into  the  stomach.  A  weaker  impulse,  as  from  lactic  acid,  caused  only 
a  delay  in  gastric  emptying.  Centralbl.  f.  klin.  Med.,  1893,  xiv,  380. 
That  nausea  is  associated  with  a  drop  in  gastric  tone  has  been  observed 
by    Barclay:    Brit.    -Med.   Jour.,    1910,  ii,    539. 
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without  having  much  effect  on  gastric  tone.  Solid 
food,  however,  can  raise  the  tone  of  the  stomach  suffi- 
ciently to  restore  the  normal  gracHent  and  to  send  the 
currents  downward  again. ^" 

Cannon  slated  clearly  in  1906  that  "in  whatever 
manner  the  pylorus  may  act  under  normal  conditions, 
that  action  certainly  can  be  overcome  in  abnormal 
states."  "'  The  other  factors  may  simply  modify  the 
chemical  control.  For  instance,  increased  pressure 
from  above,  brought  about  by  a  pleasant  jjsychic  influ- 
ence,^^ or  by  distending  the  stomach, ■'•'  will  cause  the 
pylorus  to  open  before  the  chemical  conditions  are 
right.  Cohnheim  and  Drtyfus'''  found  .in  a  dog.  that 
when  little  food  was  present,  10  c.c.  of  stomach  con- 
tents injected  into  the  duodenum  closed  the  pylorus 
for  from  ten  to  fifteen  minutes ;  but  when  the  stomach 
was  full  of  fluid,  the  same  stimulus  stopped  the  flow  for 
from  only  one  to  one  and  one-half  minutes.  The  disten- 
tion of  the  duodenum  by  a  balloon,^'  the  irritation  of 
the  bowel  by  strong  saline  solutions,^"  or  the  simple 
presence  of  neutral  food  in  the  upper  half  of  the 
small  intestine^'  will  retard  by  hours  the  emptying  of 
the  stomach. 

As  Cannon  reminds  us,  many  of  these  observations 
can  have  little  to  do  with  physiology :  food  ordinarily 
shoots  through  the  duodenum  without  distending  or 
irritating  it  very  much,  but  I  believe  they  have  much 

30.  After  the  stomach  has  been  quiet  for  some  time  with  bismutli 
water,  I  have  often  seen  it  contract  and  start  up  active  peristalsis 
immediately   alter   the   patient   had    eaten   a   small    cracker. 

31.  Cannon:  Am.  Jour.  Med.   Sc.  1906,  c.vxxi,  569. 

32.  Cohnheim  and   Dreyfus:  Ztschr.   f.  physiol.   Chem.,   1908,   Iviii,   57. 

33.  Marbai.x  fou:id  that  250  c.c.  of  water  left  his  stomach  twice  as 
fast  if  he  put  in  250  c.c.  of  air  on  top  of  it.  La  Cellule,  1S98,  .xiv,  280. 
Rieder  comments  on  the  more  rapid  emptying  of  the  full  stomach. 
Miinchen.  ined.  Wchnschr.,  1904,  li,  1550.  Turck  marvels  that  a 
small  test-breakfast  will  remain  in  an  atonic  stomach  longer  than  will 
a  large  Leube  meal,  The  Journal  A.  M.  A.,  1904,  xlii,  815.  I-iidin 
found  that  food  taken  after  a  contrast  meal  may  hasten  gastric  emptying. 
Deutsch.  med.  Wchnsclir.,  1913,  xx.xix,  1239.  See  also  Moritz:  Ztschr. 
f.   Biol..  1901,  xlii,  5^:5. 

34.  Cohnheim  and  Dreyfus:   Ztschr.  f.  physiol.  Chem.,  1908,  Iviii,   58. 

35.  Tobler:   Ztschr.    f.    physiol.    Chem.,    1905,   xlv,  185. 

36.  Cohnheim  and  Dreyfus:  Ztschr.  f.  physiol.  Chem.,  1908,  Iviii,  58. 
Four  per  cent,  solutions  of  sodium  chlorid  and  magnesium  sulphate 
put  into  the  upper  bowel  through  a  listula  caused  diarrhea  with 
marked    slowing   of    gastric    emptying,    nausea    and    even    vomiting. 

37.  An  introduction  to  the  literature  on  this  subject  may  be  had 
through  the  articles  of  Best  and  Cohnheim:  Miinchen.  med.  Wchnschr., 
1911,  Iviii,  2732.  Marbaix:  La  Cellule,  1898,  xiv,  268.  V.  Mering: 
Verhandl.  d.  Congr.  f.  inn.  Med.,  1893,  p.  476.  Hirsch:  Centralbl.  f. 
klin.  Med.,  1893,  xiv,  377.  Baumstark  and  Cohnheim:  Ztschr.  f. 
phvsiol.  Chem.,  1910.  Ixv,  484.  Baumstark:  Ztschr.  f.  physiol.  Chem., 
1913,  Ixxxiv,  437.     Thomsen:  Ibid.,  p.  425. 


to  do  with  patholoj;;)' ;  and  are  of  particular  signifi- 
cance to  those  of  us  who,  as  clinicians,  are  dealing 
with  abnormal  states.  It  is  unfortunate  that  all  the 
efforts  to  explain  the  peculiarities  of  gastric  emptying 
with  gastric  and  duodenal  ulcer  and  with  carcinoma 
have  been  based  on  the  chemical  reflex  alone.  Von 
Bergmann  and  others  have  shown  how  impossible  it  is 
to  trace  any  connection  between  the  varying  rates 
of  emptying  and  the  degrees  of  acidity  in  the  individual 
cases.''  We  know  also  that  the  stomach  gets  along 
very  well  with  complete  achylia ;  and.  although  the 
emptying  is  a  little  more  rapid,  the  intermittent  spurts 
are  very  similar  to  those  seen  under  normal  conditions. 
The  slowing  of  gastric  emptying  by  distending,  irri- 
tating, or  putting  food  into  the  bowel  is  explainable 
if  we  think  of  the  intestinal  tone  as  having  been  raised 
above  that  of  the  stomach.  When  the  bowel  empties 
and  its  tone  falls,  the  stomach  can  empty  again.  The 
physiologic  studies  have  not  left  it  entirely  clear  as  to 
whether  the  delay  in  gastric  emptying  is  due  to  an  inhi- 
bition of  peristalsis  or  to  pyloric  spasm.  A  similar 
confusion  is  found  in  the  clinical  literature  on  six-hour 
stasis,  where  the  terms  pylorospasni,  pyloric  stenosis 
and  gastric  atony  have  been  used  almost  interchange- 
ably. Only  a  few  men  have  observed  closely  enough 
to  note  that  the  stomach  often  fails  to  empty  in  the 
presence  of  active  and  powerful  peristalsis,  even  when 
the  pylorus  is  easily  patent,  as  shown  by  palpation 
under  the  screen.'"  .Such  a  condition  is  explainable  if 
the  tone  of  the  intpstine  is  equal  to  that  of  the  stom- 
ach. Material  may  then  churn  back  and  forth  ;  the 
pvlorus  mav  be  open,  and  vet  no  progress  can  take 
place.-"' 

38.  Von  Bergmann,  G. :  Centralbl.  f.  Roentgenstr.,  etc.,  1913,  iv,  3. 
See  also  Faiilhaher  and  v.  Redwitz:  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u. 
Chir..   1914.  xxviii,  193. 

39.  Holzknecht  and  Haudek:  Fortschr.  a.  d.  Geb.  d.  Roentgenstr., 
1914,    xxi,   634. 

40.  Cannon  and  Blake  state  clearly  that  after  pyloroplasty  the 
function  of  the  pylorus  is  taken  over  by  the  active  contractions  of 
the  duodenum,  Ann.  Surg.,  1905,  xli,  708.  Dagaew  removed  the 
powerful  pyloric  end  of  the  stomach,  expecting  that  this  would  allow 
the  food  to  run  promptly  into  the  bowel.  Just  the  reverse  happened; 
there  was  marked  delay  which  seemed  to  be  due  to  the  lack  of  pressure 
from  above  to  overcome  the  resistance  of  the  active  intestine.  As  we 
should  expect,  the  usual  i  egurgitation  into  the  almost  empty  stomach 
was  much  exaggerated.  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1913, 
xxvi,  179.  Marbaix  speaks  of  the  contest  between  the  stomach  and 
intestine.  La  Cellule,  1898,  xiv,  283.  The  larva  of  Ptychoptcra  con- 
taminata  has  no  pyloric  valve,  so  van  Gehuchten  says  the  small 
intestine,  in  all  its  length,  takes  up  the  role  of  sphincter.  La  Cellule, 
1S90.    vi,    277. 
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This  balancing  of  forces  between  the  stomach  and 
intestine  is  probably  at  the  bottom  of  many  well-known 
phenomena.  The  ill  effects  on  some  people  of  eating 
between  meals  may  be  due  to  the  slowing  of  the  gastric 
emptying  caused  by  the  presence  of  the  previous  meal 
in  the  small  intestine.  In  order  to  show  duodenal  sta- 
sis, Jordan^'  gives  a  bismuth  meal  an  hour  or  so  after 
the  patient  has  eaten  his  dinner.  By  that  time  the 
tone  of  the  intestine  has  been  raised  by  the  presence  of 
food  and  the  contrast  meal  is  held  back  when  it  reaches 
the  duodenum. 

It  has  been  observed  repeatedly  that,  at  the  close  of 
gastric  digestion,  when  the  tone  of  the  intestine  is  still 
high  and  that  of  the  stomach  has  probably  fallen,  duo- 
denal contents  flow  back  into  the  stomach.  This  is 
particularly  the  case  when  much  fat  has  been  eaten. ^- 
The  explanation  for  this  lies  probably  in  the  fact  that 
while  the  tone  and  motility  of  the  stomach  are  mark- 
edly impaired  in  the  presence  of  oils,''^  the  intestine 
may,  at  the  same  time,  be  even  stimulated  by  the  fatty 
acids  split  oft  in  pancreatic  digestion.** 

It  is  a  common  observation  that  a  stomach  will 
empty  quite  rapidly  to  a  certain  point,  after  which 
there  is  little  change  for  hours.  At  first,  through  its 
greater  tone  or  better  reaction  to  distention,  the  stom- 
ach is  probably  stronger  than  the  intestine.  Later,  the 
actively  digesting  bowel  becomes  too  strong  for  the 
half-empty  stomach,  and  there  is  little  change  until 
the  intestine  empties,  or  more  food  is  put  into  the 
stomach. 

41.  .Tordan:  Arch.  Roentg.  Ray,  1913,  xviii,  231.  He  has  seen 
strong  contractions  forcing  the  contents  back  into  the  duodenum.  He 
told  Barclay  that,  under  ordinary  conditions,  he  does  not  see  such 
stasis.  "The  Stomach  and  Esophagus,"  London,  1913,  p.  57.  Hess 
found,  in  one  experiment,  that  a  balloon  put  through  a  fistula  into 
the  duodenum  of  a  dog  did  not  go  forward  as  usual.  This  apparently 
was  accounted  for  by  the  presence  of  food  in  the  ileum  at  the  time. 
Deutsch.    Arch.    f.    klin.'  Med.,    1866.",   xl,    105. 

42.  Boldireff  states  that  in  animals  that  have  been  fasting  for  some 
time,  the  intestinal  juice  will  run  out  of  a_  gastric  fistula  continuously. 
This  back-flow  can  be  accentuated  by  giving  fatty  acids  and  fats  or 
by  injecting  some  0.1  per  cent.  HCl  into  an  intestinal  fistula.  Centralbl. 
f.  Physiol.,  1904,  xviii,  457.  Rehfuss,  Bergheim  and  Hawk  found  bile 
present  in  the  fasting  stomachs  of  most  of  the  normal  students  studied. 
The  Jour.nal  A.  M.  A.,  July  4,  1914,  p.  11.  Years  ago  Kussmaul  said 
"Offenbar  gelangt  die  Galle  viel  leichter  in  den  leer  als  in  den  vollen 
Magen."      Samml.    klin.    Vortr.,    Inn.   Med.,    1S80,    No.    63,  p.    1651. 

43.  V.  Tabora  says  the  stomach  may  be  quiet  for  hours  when  full 
of  fat.  Centralbl.  f.  Roentgenstr.,  1911,  ii,  247.  Cannon  says  the  waves 
were  a   little  slower  and  shallower.     Am.  Jour.   Physiol.,   1907,  xx,  315. 

44.  Bokai:  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1887,  xxiv,  158.  For 
further  discussion  of  this  subject  and  references  to  the  literature  see 
Cannon;  Am.   Jour.   Physiol.,  1907,  xx,   315. 
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Anvtbing:  that  tends  to  keep  up  the  tone  of  tlie  intes- 
tine will  exaggerate  this  type  of  gastric  emptying.  I 
have  seen  it  frequently  in  those  cases,  particularly  of 
appendicitis,  in  which  the  ileum  empties  very  slowly. 
This  so-called  "late  pylorospasm"  is  quite  characteris- 
tic also  of  duodenal  ulcer.^'  There,  I  believe,  the 
increased  tone  of  the  stomach,  plus  the  stimulus  of 
food,  overcomes  the  hyjiertonic  duodenum  and  brings 
about  rapid  emptying  at  the  beginning.  After  this,  a 
small  residue  remains  in  the  stomach  for  hours,  or 
until  the  next  meal,  presumably  because  the  ulcer 
keeps  the  duodenum  from  relaxing  to  its  propy  tone 
level,  below  that  of  the  stomach.'"' 

IXTRODUCTION    OF    FOOD    .\T    THE    LOWER    END 
OF    THE    TRACT 

According  to  the  theory,  food  introduced  at  the  lower 
end  of  the  tract  should  retard  the  progress  of  material 
coming  down  from  above  and  might  even  reverse  the 
current.  There  is  ample  proof  in  the  literature  that 
both  these  things  happen.  Clinically,  it  is  well  known 
that  an  enema  given  shortly  after  a  meal  is  likely  to 
cause  colic,  nausea,  and,  in  sensitive  people,  even  vom- 
iting.''^ Radiologists  know  that  enemas  must  not  be 
given  after  a  bismuth  meal  if  they  are  to  tell  anything 
about  the  emptying  time  cf  the  stomach  or  the  rate  of 
passage  through  the  small  intestine. 

The  few  times  I  have  ordered  rectal  feeding  T  have 
had  to  give  it  up  on  account  of  nausea  and  vomiting, 
which  ceased  only  when  the  enemas  were  stopped.  To 
illustrate :  A  woman  with  a  blood  pressure  of  220  mm. 
of  mercury  and  no  clinical  or  radiologic  signs  of  ulcer, 
before  or  since,  had  been  passing  tarry  stools  for  sev- 
eral days.  Rectal  feeding  and  a  Murphy  drip  were 
started,  and  only  a  little  water  was  given  by  mouth. 
Fearful  nausea  began,  and  soon  she  was  vomiting  large 
amounts  of  blood-stained  fluid.    No  blood  reached  the 

45.  Carman:  The  Joubnal  A.   M.  A.,  March  28.  1914,  p.  980. 

46.  This  may  be  the  explanation  for  Cannon  and  Murphy's  observa- 
tion that  food  did  not  begin  to  leave  the  stomach  for  five  or  six  hours 

■  after    section    and    suture    of    the    duodenum,    some    10    inches    below 
the  pylorus.     Am.  Jour.    Med.    Sc,   1906,  cxxxi,   569. 

47.  Trousseau  atid  Sydenham  have  discussed  this  point.  The  latter 
warns  us  that  clysters  become  emetics  in  cases  of  ileus  and  typhoid 
where  there  is  already  a  tendency  to  a  reversal  of  intestinal  action. 
Clin,  med.,  Taris,  186'5,  iii,  28;  Sydenham  Soc.  Edit.,  London,  184.S, 
i,  67,  68  and   194. 
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anus  wliilc  she  was  being  fed  ])er  reetuni.  The  vomit- 
ing became  so  serious  that  we  then  left  the  rectum 
entirely  alone  and  gave  her  solid  food.  Nausea  and 
vomiting  stopped  with  the  first  mouthful  and  did  not 
return.  Tarry  .stools  appeared  again.  Apparently  the 
blood,  oozing  somewhere  in  the  middle  of  the  digestive 
tract,  could  be  sent  in  either  direction  by  raising  the 
lone  of  either  end. 

Rolleston  and  Jex-Blake''*  collected  ninety-six  cases 
of  gastric  ulcer  fed  per  rectum  alone  and  found  that 
twenty-six  patients  vomited  on  one  or  more  occasions. 
They  noticed  that  the  giving  of  cleansing  enemas  to 
these  rectally  fed  patients  frequently  produced  nausea 
and  retching,  and,  in  a  few  cases,  it  brought  on  vom- 
iting. There  are  enough  cases  in  the  literature  in 
which  the  enemas  were  actually  vomited,  or  in  which 
the  patient  objected  to  the  constant  taste  of  the  pep- 
tonized foods.'"' 

Several  observers  have  noticed  an  increased  tendency 
to  colonic  anastalsis  after  the  giving  of  enemas."'"  The 
Roentgen  ray  has  shown  how  frequently  enemas  will 
pass  through  the  ileocecal  valve  and  run  up  the  small 
intestine  even  to  the  stomach.  As  would  be  expected 
from  the  theory,  this  is  more  likely  to  occur  when  some 
lesion  in  the  colon  has  already  raised  the  tone  of  the 
lower  end  of  the  tract."'' 

FOOD    PUT    INTO    THE    MIDDLE    OF    THE    BOWEL 
TENDS     TO     MOVE     BOTH     WAYS 

My  experiences  with  jejunal  feeding  have  not  been 
entirely   satisfactory   on    account   of   the    nausea    and 

48.  Rolleston  and  Jex-BIake:  Brit.  Med.  Jour.,  1903.  ii,  68.  Bine 
and  Schmoll  have  given  up  rectal  feeding  on  account  of  such  experi- 
ences,   California    State   Jour.    Med.,    1914,   xii,   364. 

49:  Parkes-W'eber:  Brain,  1904,  xxvii,  170,  and  Langmann:  Jacobi 
Festschr.,  New  York,  1900,  p.  375,  give  a  good  introduction  to  the 
literature   on  this  subject. 

50.  Cannon:  Mechanical  Factors  of  Digestion,  p.  150.  In  one  cat 
an  enema  of  warm  water  caused  continuous  anastalsis  in  the  colon 
for  one  hour  and  twenty  minutes.  Ordinarily  such  waves  appear  from 
time  to  time  only.  See  also  Nothnagel:  Beitr.  z.  physiol.  u.  path.  d. 
Darmes,    Berl.,    1884,  p.   20. 

51.  Case  finds  incompetency  of  the  ileocecal  valve  associated  most 
frequently  with  the  increased  antiperistalsis  of  hypertonic  constipation, 
and  with  obstruction  and  disease  of  the  colon.  The  incompetence  of 
the  valve  is  not  a  disease  in  itself;  it  is  secondary,  and  due  to  a  loss 
of  tone  in  the  muscle  making  up  the  valve.  He  quotes  a  number  of 
authors  who  agree  with  him.     Arch.  Roentg.  Ray,  1915,  xix,  380  and  383. 
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vomiting  which  occurred  from  time  to  time."  Food 
put  in  at  the  fistula  has  even  been  returned  bj^  mouth ; 
and  in  most  of  the  cases  the  discomfort  could  be 
relieved  only  by  simultaneous  mouth  feeding.  Here 
again  vomiting  was  stopped  probably  by  raising  the 
tone  of  the  stomach  to  its  normal  position  above  that 
of  the  jejunum.  Nausea,  vomiting  and  pain  were 
present  in  another  case  until  a  simultaneous  Murphy 
drip  of  glucose  and  salt  solution  was  stopped,  and  some 
food  given  by  mouth.  The  patient  had  no  further 
trouble  until  one  day  when  he  had  a  cleansing  enema. 
It  is  common  knowledge  that  vomiting  is  often  asso- 
ciated with  diarrhea.  A  small  boy  who  has  eaten  all 
the  blackberries  he  can  pick  is  likely  to  vomit  three 
quarters  of  the  amount  some  hours  later ;  and  shortly 
after,  the  remainder  is  voided  in  loose  movements. 
Presumably,  enough  of  the  irritant  mess  gets  into  the 
jejunum  at  the  start  to  prevent  the  stomach  from 
emptying."^  Finally  the  tone  becomes  high  enough  in 
the  upper  bowel  so  that  it  can  clear  itself  both  ways. 
Strong  psychic  stimuli  may  bring  about  diarrhea  and 
vomiting  in  the  same  way,  if  they  raise  the  tone  of  the 
upper  jejunum  at  the  point  where  it  is  so  richly  sup- 
plied with  vagus  branches. °* 

IRRIT.\NT     LESIONS 

The  motility  of  the  tract  is  affected  by  irritating 
lesions,  much  as  the  theoretic  considerations  would  lead 
us  to  expect.  One  of  the  best  roentgenologic  signs  of 
duodenal  ulcer  is  the  presence  of  the  head  of  the  bis- 
muth column  in  the  descending  colon  after  six  hours. 
This  is  not  pathognomonic  of  ulcer,  but  points  to  some 
irritation  of  the  duodenum  or  the  closely  related  gall- 
bladder and  pancreas. 

It  appears  also  with  hypertonic  stomachs,  due  in 
some  cases  apparently  to  vagus  disturbances.  Another 
factor  in  the  causation  of  this  hypermotility  is  the  rapid 


52.  Kelling  speaks  of  the  stagnation  of  food  in  the  stomach,  feeling 
of  fulness  and  tendency  to  vomiting  in  jejunal  feeding.  Ztschr.  f. 
Biol.,  1903,  xliv,  248.  "In  the  majority  of  cases,  direct  nutrition 
through  the  duodenum  is  a  delusion.  The  chyme,  or  the  greater  part 
of  it,  is  regurgitated  into  the  stomach,  as  can  he  demonstrated  fluoro- 
scopicallv";  Therapeutics  of  the  Gastro-Intestinal  Tract,  Wegele,  Gross 
and    Held,   Xew    York,    1913,  p.    272. 

53.  Baumstark  has  shown  that  fermented  food  put  through  fistulas 
into  various  -parts  of  the  intestine  will  greatly  slow  the  emptying  of 
the  stomach.     Ztschr.   f.   physiol.   Chem.,   1913,   .\xxiv,   A37. 

54.  Alvarez:   Am.   Jour.   Physiol.,    1915.   xxxvii,   276. 
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o>it] louring  of  food  from  the  stomacli  in  (luodcnal 
ulcer,  achylia  gastrica  and  some  cases  of  gastro- 
enterostomy."''' The  greater  cHstention  alone  may 
stimulate  the  ujjjjer  howcl  to  greater  activity,  much  as 
a  large  enema  has  more  effect  than  a  small  one. 

The  problems  of  motility  with  lesions  at  the  upper 
end  of  the  tract  are  complicated  by  the  fact  that  the 
whole  region  from  cardia  to  jejunum  seems  to  have  its 
tone  raised  by  a  lesion  in  the  duodenum,  or  in  the 
embryologically  related  bile  passages,  liver  and  pan- 
creas. This  is  shown  by  the  hypertonic  stomachs  and 
the  hour-glass  contractures  so  frequently  seen  in  these 
cases.''" 

The  reaction  of  the  stomach  to  ulcer  is  also  com- 
plicated by  so  many  factors  that  I  will  not  try  to  dis- 
cuss the  subject  at  this  time.  The  stomach  is  often 
atonic  and  quiet  with  pyloric  ulcer  ;^'  possibly  the 
waves  are  blocked  by  the  tonus  ring  caused  by  the 
lesion.  Actual  reverse  waves  are  often  seen,  particu- 
larly when  the  bismuth  is  taken  at  a  time  when  a 
previous  meal  is  in  the  intestine. °^  Under  these  con- 
ditions, as  we  have  seen,  there  is  a  considerable  ten- 
dency to  back-flow  at  the  upper  end  of  the  tract. 

That  gastric  anastalsis  is  seldom  seen  with  duodenal 
ulcer'"  is  due  probably  to  the  almost  complete  break  in 
continuity  of  the  muscular  coats  at  the  pylorus.''"  This 
barrier  deserves  more  study,  as  it  may  be  of  immense 
importance  to  us  in  blocking  undesirable  waves  com- 
ing up  from  the  intestine,  and  in  protecting  the  bowel 
from  undue  influence  from  the  powerful  ])yloric  por- 
tion of  the  stomach. 

55.  Hertz:  Ann.  Surg.,  1913,  Iviii,  466,  and  Moynihan:  Abdominal 
Operations,  Pl.iladelphia,  19C6,  p.  221,  have  seen  even  fatal  diarrhea 
after  gastrn-enterostomy   when   the  stomach   emptied   too   rapidlv. 

56.  Hertz:  Guy's  Host).  Rep.,  1907,  Ixi,  403.  Case:  Jour.  Michigan 
State  Med.  Soc,  1913.  xii,  577.  Carman:  The  Journal  A.  M.  A., 
March  28,  1914,  p.  9S0.  Eisler:  Centralbl.  f.  Roentgenstr.,  etc.,  1912, 
iii,  320.  Schksinger:  Berl.  klin.  Wchnschr.,  1912,  xlix,  1223.  Holz- 
knecht  and  Luger:  Mitt.  a.  d.  Grenzgeh.  d.  Med.  u.  Chir..  1913,  xxvi,  669. 

57.  Barclay  says  when  he  cannot  provoke  any  gastric  peristalsis 
he  always  suspects  a  lesion  at  the  pylorus,  Brit.  Med.  Jour.,  1910,  ii, 
539.  Carman:  The  Journal  A.  M.  A.,  March  28,  1914,  p.  980.  Kreuz- 
fnchs  believes  that  hypertonus  of  the  pyloric  end  causes  hypotonus  of 
the  body  of  the  stonir.rh,  Wien.  med.  Wchnschr.,  1912,  Ixii,  1073.  The 
blocking  of  waves  by  a  tonus  ring  is  described  by  Cannon;  Mechanical 
Factors  in   Digestion,  p.    188. 

58.  Haudek:    Wien.     med.    Wchnschr.,    1912,    Ixii,     1061. 

59.  Once  in  ninety  cases,  Haudek:  Wien.  med.  Wchnschr.,  1912,  Ixii, 
1061.  Carman  has  never  seen  it.  The  Journal  A.  M.  A.,  March  28, 
1914,  p.  980. 

60.  Cunningham:  Tr.  Roy.  Soc.  Edinburgh,  1905-7,  xlv,  9.  Brinton: 
Diseases   of   the    Stomach,   London,    1859,   p.    268. 
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Jonas  has  shown  tliat  just  as  intestinal  hypermotihty 
and  even  charrhca  niay  ajipcar  when  the  stomach  emp- 
ties too  rapidly,  hyi)oniotility  of  the  howel  and  constipa- 
tion are  seen  with  lesions  interfering  with  the  opening 
of  the  pylorus.  He  speaks  of  the  stomach  as  the 
"Haupt-iiwtor"  for  the  intestine."^ 

Lesions  in  the  course  of  the  bowel,  such  as  tubercu- 
lous ulceration,  render  the  affected  area  so  irritable 
that  the  bismuth  meal  goes  through  very  rapidly,  anil 
this  region  appears  to  be  empty. "^  The  bowel  is  often 
empty  for  some  distance  above  an  obstruction,  showing 
that  there  is  a  powerful  repelling  eiTfect."^  For  the 
same  reason,  in  appendicitis,  the  last  few  coils  of  ileum 
may  be  empty ;  or  the  lower  limit  of  the  bismuth, 
instead  of  shov.Mng  a  bulging  shoulder,  tapers  to  a 
point.  The  obstruction  is  not  mechanical,  it  is  dynamic. 
It  is  becoming  generally  recognized  that  a  kink  in  the 
bowel  has  little  effect  unless  it  becomes  irritated  in 
some  way.  The  marked  differences  in  severity,  amount 
of  vomiting,  etc.,  between  acute  ileus  and  that  arising 
slowly  may  depend  partly  on  the  degree  to  which  the 
cause  of  obstruction  irritates  the  bowel,  raises  the 
local  tone  and  reverses  the  current."* 

61.  Jonas:  Arch.  f.  Verdauungskr.,  1912,  xviii,  769.  Ageron  holds 
similar  views,  ibid.,  1911,  xvii,  584.  Dagaew  found  that  food  reached 
the  lower  ileum  in  thirteen  hours  instead  of  six  after  removal  of  the 
strong  pyloric  muscle.  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1913,  xxvi, 
179.  Cohn  found  in  a  case  of  complete  removal  of  the  stomach  and 
vagus  endings  that  food  went  very  slowly  through  the  bowel,  reaching 
the  cecum  only  after  twenty-four  hours.  Berl.  klin.  W'chnschr..  1913,  I, 
1393.  Cole  has  noticed  that  the  cecum  fails  to  empty  for  a  long  time 
if  the  patient  does  not  eat  after  the  contrast  meal.  Am.  Jour.    Med.  Sc, 

1914,  cxlviii,    110. 

62.  Stierlin:  Centralbl.  f.  Roentgenstr.,  1911,  ii,  254.  Case  describes 
the  emptiness  of   the  cecum   in   cecal  tuberculosis.     Arch.   Roentg.   Ray, 

1915,  xix,  381.  Kienbock  discusses  the  subject  at  more  length  in 
Fortschr.  a.  d.  Ceb.  d.  Roentgenstr.,  1913,  .xx,  231.  .  Nothnagel  says 
food  is  rushed  through  sections  of  bowel  that  have  been  inflamed  and 
made  irritable  by  the  injection  of  concentrated  salt  solutions.  Beitr.  f. 
Physiol,    u.    Path.    d.    Darmes,    1884,   p.    39. 

63.  Kirslein:  Deutsch.  med.  W'chnschr.,  18S9,  xv,  1000.  Kelling: 
Ztschr.  f.  Biol.,  1903,  xliv,  249.  Reichel:  Deutsch.  Ztschr.  f.  Chir., 
1892-93,  XXXV.  551.  Nothnagel:  Beitr.  z.  Physiol,  u.  Path.  d.  Darmes, 
1884,  p.  29.  Quirot:  These  de  Paris,  1909,  p.  25.  These  men  have  all 
remarked  on  the  contracted,  empty  state  of  the  bowel  above  the  obstruc- 
tion, and  the  signs  of  anastalsis  a  long  distance  above.  Shimodaira: 
Mitt,  a  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1910.  xxii,  229,  and  Maleyx, 
These  de  Paris,  1912,  have  written  monographs  on  the  well-known  dis- 
tention and  ulceration  of  the  cecum  with  obstruction  in  the  lower  colon. 

64.  Kirstein:  Deutsch.  med.  Wchnschr.,  1889,  xv.  1001,  thinks 
acute  ileus  is  not  the  result  of  closure  of  the  bowel  but  of  its  mal- 
treatment. When  he  cut  the  ileum  across  and  sewed  it  up.  the  food 
went  on  down  the  intestine  and  packed  against  the  obstruction.  The 
dogs  did  not  vomit,  and  tinally  died  of  starvation.  When,  however, 
he  pinched  the  bowel  with  an  elastic  ligature,  the  food  was  turned 
back    in    the   duodenum    and    the    dogs    were    very    sick.      Treves    says 
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The  coniiiionest  lesion  near  the  ileocecal  valve  is 
appendicitis ;  and  this,  as  is  well  known,  can  gen- 
erally be  diagnosed  by  the  presence  of  marked  ileac 
stasis.  I  believe  chronic  appendicitis  disturbs  diges- 
tion mainly  through  its  effect  in  raising  the  tone  of  the 
terminal  ileum  ;  and  operations  give  relief  only  as  they 
remove  all  sources  of  irritation  from  this  region.*'^  A 
rise  of  tone  here  has  a  retarding  effect  that  extends 
upward  even  to  the  stomach,  which  is  frequently 
dilated  and  atonic.  The  duodenum  is  often  dilated,  and 
material  stagnates  either  in  the  "cap"  or  just  above  the 
duodenojejunal  junction.'"''  That  this  is  not  due  to 
kinks  or  adhesions  is  shown  by  the  fact  that  the  swal- 
lowing of  a  mouthful  of  solid  food  generally  causes 
this  bismuth  to  whisk  over  into  the  jejunum.  This 
region  has  also  been  found  normal  at  subsequent  opera- 
tion in  several  cases.  I  have  seen  active  reverse  peri- 
stalsis in  the  duodenum  due  to  the  ileac  stasis  alone. 

Back  pressure  from  the  intestine  must  be  looked  for 
in  all  cases  of  gastric  atony  or  deficient  emptying  when 
no  lesion  can  be  found  near  the  pylorus.  Several 
writers  have  emphasized  the  importance  of  gastric  dila- 
tation as  an  early  sign  of  intestinal  obstruction.  It 
can  be  detected  with  the  stomach  tube  and  Roentgen 

that  in  acute  intussusception,  violent  symptoms  of  obstruction  may 
run  their  course  without  there  having  been  produced  any  actual 
occlusion  of  the  bowel.  He  believes  the  symptoms  are  due  to  what 
he  calls  peritonism,  Intestinal  Obstruction,  New  York,  1902,  p.  2. 
These  mechanical  factors  should  not  be  lost  sight  of,  although  the 
recent  work  on  intestinal  obstruction  shows  the  problem  to  be  quite 
complicated. 

65.  Barclay:  Brit.  Jour.  Surg.,  1915,  ii,  645.  According  to  the 
theory,  we  would  expect  to  find  hypermotility  in  the  colon  with 
appendicitis.  Deaver  says  diarrhea  is  present  in  about  13  per  cent, 
of  cases.  It  is  met  with  more  often  in  children.  Appendicitis, 
Philadelphia,  1905,  p.  226  and  244.  That  it  is  not  seen  more  frequently 
is  <3ue  probably   to   the   powerful   repelling  effect   from  the   lower   colon. 

66.  I  have  observed  these  things  many  times.  See  articles  by 
Borgbjarg:  Verzogerung  der  Magentntleerung  bei  Darmkrankheiten, 
.Arch.  \'erdauungskr.,  1911,  xvn,  706  Bassler:  The  Journal  A.  M.  A., 
Oct.  24,  1914.  p.  1469.  Eisen,  Ibid.,  p.  1228.  Barclay:  Arch.  Roentg. 
Kay,  1913,  xviii,  234.  Paterson  and  other  surgeons  have  seen  at  opera- 
tion marked  dilatation  of  stomach  and  duodenum  in  many  cases  of 
appendicitis.  Proc.  Roy.  Soc.  Med.  London.  1910,  iii,  Surg.  Sect., 
p.  197.  Of  482  cases  with  gastric  stasis  due  to  ascending  intluences 
only  twenty-one  showed  retention  after  the  removal  of  appendices  or  the 
restoration  of  normal  conditions  in  the  bile  tract.  Smithies:  Am.  Jour. 
Med.  Sc,  1915,  cxHx.  187.  Cole  says,  "I  have  observed  time  and 
time  again  that  if,  after  the  contents  of  the  stomach  and  'cap'  have 
remained  stationary  for  some  time,  the  ileum  be  partly  evacuated, 
a  rehabilitation  of  duodenal  peristalsis  will  be  established  forthwith 
and  food  may  be  seen  ,  .  .  passing  through  the  jejunum."  Am. 
Jour.  Med.  Sc,  1914,  cxlviii,  109.  Barclay  has  made  similar  observa- 
ti'Uis,   Brit.  Jour.    Su.'g.,   1915,   ii,  613. 
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ray  some  time  Ijefore  the  reverse  currents  are  strong 
enough  to  cause  the  typical  vomiting.''" 

There  is  a  so-called  gastric  type  of  carcinoma  of  the 
lower  colon  in  which  nausea,  vomiting  and  gastric 
dilatation  are  the  early  symptoms  of  the  ascending 
influences. "*  The  descending  ones  show  themselves 
later  in  tenesmus  and  protrusion  of  the  rectal  mucosa. 

CONSTIPATION 

In  sensitive  people  and  in  children,  constipation  may 
cause  vomiting  which  will  yield  promptly  to  a  laxative. 
These  patients  may  feel  stuffed  after  a  few  mouth- 
fuls,  on  account  of  the  reverse  influences.'^"  Condi- 
tions seem  to  be  somewhat  as  they  are  in  baseball  when 
the  bases  are  full  and  the  batter  has  made  a  hit :  there 
is  no  use  of  his  running  if  the  rvmner  on  third  refuses 
to  come  "home."  The  intestine  may  also  be  thought 
of  as  a  railroad  under  control  of  a  block  system.  Just 
as  food  in  the  stomach  forces  material  through  the  ileo- 
cecal valve  or  into  the  rectum  when  the  tract  in  between 
is  empty,  the  stagnation  of  material  in  a  lower  block 
will  hold  up  the  food  for  several  blocks  above. 

Future  experiments  must  show  how  much  actual 
reverse  waves  or  ripples  have  to  do  with  the  process. 
The  reverse  influences  seem  to  skip  over  regions  in 
which  the  waves  are  catastaltic  to  cause  anastalsis 
above.  The  direction  of  peristalsis  may  change  also 
from  time  to  time  in  the  same  stretch  of  bowel.  All 
these  observations  are  explainable  in  the  light  of  the 
theory. 

A  large  part  of  what  is  called  "biliousness"'  and 
"autointoxication"  may  be  due  to  this  tendency  to 
reverse  peristalsis  when  the  colon  remains  filled  and 
active.  "Biliousness"  derives  its  name  from  the 
appearance  of  bile  in  regurgitated  material,  and  this 
would  be  more  liable  to  occur  when  the  tone  of  the 

67.  Ewald:  Berl.  klin.  Wchnschr.,  1907.  xlix,  1416.  Cataldi :  Poli- 
clinico,  Rome,  1914,  xxi;  abstr..  The  Journal  A.  M.  A.,  Jan.  23,  1915, 
p.  378. 

68.  Quirot:  These  de  Paris,  1909.  Hedblom  and  Cannon's  experiments 
are  in  accord  witli  these  clinical  observations.  When  they  irritated 
the  colons  of  cats  with  croton  oil,  the  stomachs  emptied  very  slowly 
in  spite  of  active  peristalsis;  and  there  was  great  retardation  in  the 
small  intestine  also.     Am.  Jour.   Med.   Sc,   1909,  cxxxviii,  530. 

69.  Hertz  found  patients  could  eat  little  at  a  time  and  complained 
of  a  sense  of  fulness  \vhen  the  stomach  emptied  too  fast  after  a 
gastro-enterostony.  This  disagreeable  sensation  was  less  after  taking 
castor  oil,  apparently  because  the  jejunum  emptied  faster,  Ann.  Surg.. 
1913,  Iviii,  466. 
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intestine  is  higher  than  that  of  the  stomach.  Much  of 
the  satisfaction  that  the  "bihoiis"  get  from  a  dose  of 
calomel  may  he  due  to  the  setting  of  a  strong  current 
down  the  tract  again.  The  symptoms  in  the  "auto- 
intoxicated"  ordinarily  clear  up  within  a  few  minutes 
after  emj)tying  tlie  rectum,  and  no  toxin  could  be 
eliminated  at  that  rate. 

There  seems  little  doui)t  that  normally  the  tone  of 
the  rectum  and  sigmoid  is  higher  than  that  of  the 
cecum  and  ascending  colon.""  This  tends  to  protect 
the  anal  sphincter  and  to  keep  feces  out  of  the  ampulla 
except  during  those  times  when  the  pressure  from  the 
upper  part  of  the  tract  is  very  great.  Material  which 
is  forced  over  into  the  rectum  may  even  be  returned 
to  the  transverse  colon  if  defecation  is  postponed.'' 
The  commonest  cause  of  constipation  is  probably  an 
increase  of  this  tone  which  makes  the  gradient  steeper 
up  to  the  rectum.'-  Case  has  found  adhesions  irritat- 
ing the  pelvic  colon  in  a  number  of  these  cases." 

Hemorrhoids  and  painful  fissures  may  cause  con- 
stipation not  only  on  acount  of  the  fear  of  pain  at 
defecation  but  by  raising  the  tone  of  the  rectum,  and 
thereby  keeping  the  sigmoid  and  ampulla  empty.  This 
holding  back  is  often  shown  by  a  large  accumulation 
of  gas  in  the  splenic  flexure.  This  is  so  constant  a 
finding  that  I  have  come  to  regard  a  large  tympanitic 
Traube"s  space  as  almost  diagnostic  of  hemorrhoids. 

CONCLUSION 

It  was  natural  that  when  the  Roentgen  rav  first 
threw  light  on  conditions  in  the  digestive  tract,  the 
striking  defects,  as  seen  in  carcinoma  and  ulcer,  and 
the  marked  ptoses,  so  different  from  what  anatomists 
had  t;aight  us  to  expect,  should  ha\e  occupied  the  cen- 
ter of  the  stage.  Soon  the  more  thoughful  radiologists 
began  to  realize  tliat  it  was  only  occasionally  that 
they  could  see  the  lesion,  or,  more  correctly,  a  cast  of 
the  lesion.  In  the  large  proportion  of  cases  they  could 
only  suspect  the  presence  of  some  irritant  from  the 
altered  motility  in  dift'erent  parts  of  the  tract.  Finding 
marked   ptoses   and   kinks   every   day  in   people  with 

"0.   Rost:  Verhandl.   d.   deutsch.    Gesellsch.    f.   Chir.,   1912,   p.    169. 

71.  See  a  very  interesting  article  by  Campbell:  Tr.  Am.  Gynec.  Soc., 
1878,  p.  286.     Also  Schwarz:  Miinchen.  mcd.  Wchnschr.,  1912.  lix.  2155. 

72.  Singer   and    Holzknecht:    Jliinchen.    med.    Wchnschr.,    1911,    Iviii, 
2536.      Keith:   Brit.   Jour.   Surg.,  1915,  ii,   581. 

73.  Case:    Arch.    Rcentg.    Ray,    1915,   xix,  380. 
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good  digestions,  they  began  to  see  that  a  stomach  might 
empty  just  as  satisfactorily  when  in  the  pelvis  as 
when  above  the  navel.  As  Case  says,  "with  increasing 
e.\i)crience,  the  morphological  factors  have  shrunk  in 
importance,  while  the  proljlems  relating  to  the  func- 
tional behavior  of  the  aHnientary  tract  have  assumed 
greater  signiticance."'* 

Some  good  may  be  done  by  this  article  if  it  helps 
at  this  time  to  bring  about  a  more  physiologic  point 
of  view  in  gastro-enterology ;  if  it  induces  more  men 
to  think  of  the  tract  as  a  unit,  and  to  study  it  from  one 
end  to  the  other  before  they  make  diagnoses,  or  attempt 
repairs  at  any  one  point.  Good  men  are  still  reporting 
statistics  on  gastric  ulcer,  six-hour  stasis,  etc.,  without 
making  mention  of  conditions  even  as  far  away  as  the 
gallbladder.  Surgeons  are  doing  gastro-enterostomies 
on  baggy  stomachs  when  the  otifending  appendix  should 
come  out  instead.  How  much  better  it  would  be  to 
explore  the  tract  carefully  before  beginning  work  on 
some  jiart  which,  as  Mayo  says,  may  be  the  fire-alarm 
and  not  the  tire. 

In  the  last  two  years  I  have  found  it  a  very  useful 
rule  to  remember  that:  an  irritating  lesion  slozcs  the 
progress  of  food  coining  tozcard  it  from  above  and 
hastens  the  progress  of  food  that  has  passed  it.  This 
has  helped  in  analyzing  many  unusual  cases.  For 
instance,  a  number  of  signs  may  point  to  a  duodenal 
ulcer,  yet  the  usual  hypermotility  is  lacking.  Furth.er 
study  may  show  that  this  has  been  neutralized  by  the 
back  pressure  from  a  chronic  appendix. 

In  such  a  short  paper  little  can  be  done  except  to 
present  views  that  can  be  discussed  in  more  detail  later. 
.Such  papers  that  may  follow  can  more  easily  be  seen 
then  in  their  relations  to  the  whole  problem.  More 
proof  can  be  adduced  for  many  of  the  statements  made 
here,  and  objections  can  then  be  taken  up. 

In  closing  I  wish  gratefully  to  acknowledge  my  indebted- 
ness to  Dr.  Cannon  of  the  Department  of  Physiology  at 
Harvard,  to  Dr.  Pope  of  the  Surgical  Research  Laboratory 
at  the  University  of  California  and  to  Dr.  Whipple  of  the 
Hooper  Research  Foundation  who,  one  after  the  other,  in 
the  last  two  years,  have  so  generously  afforded  me  the 
opportunities  to  work  on  this  problem. 

126  Stockton  Street. 

74.  Case:   Arch.    Roentg.   Ray,  1915,  xix,  375. 
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Before  taking  up  the  differences  observed  in  the  stomach,  it  may  be 
of  interest  to  review  briefly  the  theoretical  considerations  that  led  up 
to  the  work.  When  it  was  seen  that  tlie  rate  of  rhj-thmic  contracton 
in  the  small  intestine  varies  inversely  as  the  distance  from  the  pylorus 
(1),  the  next  question  to  arise  was:  If  this  part  of  the  primitive  intesti- 
nal tube  behaves  iti  this  waj-,  how  about  the  other  parts?  Might  not 
the  tract  have  been  constructed  originally  so  that  the  rate  would  be 
highest  at  the  pharynx  and  lowest  at  the  anus?  Although  this  ques- 
tion cannot  be  answered  satisfactorily  as  yet,  there  is  considerable  evi- 
dence in  favor  of  such  a  view.  For  instance,  the  rates  of  contraction 
in  different  parts  of  the  colon  (of  the  rabbit  and  cat)  fit  quite  well  into 
a  prolongation  of  the  curve  plotted  from  the  rates  of  the  small  liowel 
(2).  The  rhythm  varies  (m  the  rabbit)  from  6  to  10  per  minute  near 
the  cecum  to  from  3  to  5  per  minute  near  the  anus.  It  is  impossible 
to  say  much  about  the  esophagus  of  mammals  because,  in  them,  that 
tube  is  uiade  up  almost  entirely  of  striated  muscle,  and  the  smooth  fibers, 
with  which  we  are  concerned,  appear  only  in  the  lower  third  or  fourth. 
Longitudinal  segments  from  this  region  near  the  cardia  (in  rabbits  and 
cats)  showed  a  high  rhj-thmicity  when  placed  in  aerated  Ringer's  solu- 
tion. The  fastest  rate  seen  in  the  cat  was  14  per  minute;  in  the  rabbit 
it  was  sometimes  as  high  as  19  per  minute.  It  should  be  noted  that 
this  is  a  higher  rate  than  that  ever  seen  in  the  duodenal  segments  (15 
to  17.5  per  minute). 

We  can  compare  the  rhj-thm  of  different  regions  of  the  esophagus 
onty  in  those  lower  animals  in  which  the  tube  is  made  up  entirely  of 
smooth  muscle.  This  is  the  case  in  the  frog.  Stiles  found  in  the  esoph- 
agus of  this  animal  that  the  rhjthmic  activity  is  more  marked  and 
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regular  than  in  any  other  part  of  the  digestive  tract;  also,  that  the  rate 
of  contraction  (in  the  esophagus)  varies  inversely  as  the  distance  from 
the  pharyngeal  end  (3).  I  have  confirmed  these  findings  in  a  number 
of  frogs;  and,  although  my  tracmgs  are  not  so  regular  as  Stiles',  they 
show  the  difference  in  rate  very  clearly.  I  have  found  similar  differ- 
ences in  longitudinal  segments  from  the  esophagus  of  a  small  grass 
snake  (species  unknown).  The  contractions  in  the  intestinal  seg- 
ments from  the  frog  vmfortunately  were  so  irregular  that  I  could  not 
establish  a  further  gradation  of  rhj^hm  from  the  end  of  the  esophagus 
down  to  the  cloaca.  The  onl}-  thing  that  can  be  said  is  that  the  eso- 
phageal rates  were  generally  faster  than  those  of  any  part  of  the  bowel. 
Even  if  further  work  on  such  animals  should  show  definitely  a  gra- 
dation of  the  rhythmic  activity  from  pharynx  to  anus,  we  would  still 
have  to  explain  the  slow  rhythm  of  the  gastric  waves  in  mammals: 
from  3  to  4  per  minute  in  the  rabbit,  dog  and  man,  and  from  4  to  6  per 
minute  in  the  cat.  A  possible  way  out  of  this  difficulty  was  suggested 
to  me  by  the  literature  on  another  muscular  tube — the  heart.  Gaskell 
taught  us  to  view  that  organ  as  an  elaboration  of  a  simple  tube  which 
had  become  twisted  on  itself,  and  had  bulged  in  places.  There  the 
muscle  became  specialized  that  it  might  contract  and  empty  the  cavi- 
ties more  quickly.  "The  development  of  this  nearer  approach  to  stri- 
ated muscle  is  made  at  the  expense  of  the  original  rhj-thmical  power" 
(4). 

THE    PRIMITIVE    TUBE 

A  glance  at  figures  1  to  34  in  Oppel's  Comparative  Histologj'  (5),  or 
at  plates  18  to  33  in  Huntington's  book  (6),  will  show  how  the  stomach 
also  has  been  evolved  from  a  simple  tube,  first  by  an  enlargement,  sec- 
ondly, by  a  bending  of  the  pylorus  towards  the  cardia,  and  thirdly,  by 
the  addition  of  cecal  pouches.  The  stomach  of  the  eel  consists  almost 
entirely  of  such  a  pouch,  which  has  grown  from  the  convex  side  of  a 
bend  in  the  original  tube  (see  fig.  1,  D).  It  is  very  obvious,  in  such  a 
stomach,  that  the  primitive  tube  is  to  be  found  along  the  lesser  curva- 
ture. Even  the  complicated  stomachs  of  rummants  can  be  resolved 
mto  a  series  of  ceca  arranged  along  the  orginal  tube  (fig.  1,  E).  That 
part  of  the  fundus  to  the  left  of  the  cardia  in  the  human  stomach  repre- 
sents such  a  cecum,  which,  very  early  in  life,  grows  ouc  from  the  greater 
curvature  (7).  The  stomach  of  a  10  mm.  human  embryo  is  made  up 
of  three  parts:  the  expanded,  conical,  lower  end  of  the  esophagus,  the 
long  tubular  antrum,  little  larger  than  the  adjacent  duodenum,  and  a 
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small  fundus  i^fig.  1.  F).  The  end  of  the  esophagus  meets  the  antrum 
at  the  incisura  angularis.  Later,  the  fundus  grows  at  the  expense  of 
the  other  two  paits,  so  that,  in  the  adult,  the  end  of  the  esophagus  is 
represented  only  by  the  cardiac  antrum  and  that  prolongation  along 
the  lesser  curvature  which  forms  the  gastric  canal;  while  the  pyloric 
antrum  makes  up  a  much  smaller  part  of  the  stomach  than  it  did  origi- 
nally (8). 

The  "Primitive  Tube,"  accordingly,  must  be  looked  for  along  the 
lesser  curvatiu'e.     It   is  suggestive  that   this  part  of  the  stomach  is 
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Incisura  ^jitiulans 
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Kp^vs  Pjlorica 


Fig.  1.  To  show  the  development  of  the  stomach,  a,  Stomach  of  the  pickerel 
(\uhn);  6,  stomach  of  Proteus  anguineus  (Xuhn);  c,  stomach  of  Scincus  ocellatus 
(Nuhn);  d,  stomach  of  the  eel  (Huntington);  e,  scheme  of  the  ruminant  compound 
stomach  (Nuhn);/,  stomach  of  a  10  mm.  human  embryo  (Lewis). 


lined  by  an  epithelium  differentiated  least  of  all  from  that  of  the  intes- 
tine. This  point  has  been  remarked  upon  by  several  men  in  discussing 
the  nuicous  memlirane  of  the  pyloric  antriun.  The  glands  around  the 
cardia  are  apparently  little  more  than  sluggish  pyloric  glands  (9);  and 
"it  is  almost  the  rule  for  the  greater  part  of  the  mucous  membrane 
along  the  lesser  curvature  to  be  of  the  pyloric  type"  (10).  A  similar 
arrangement  is  found  in  most  of  the  domestic  animals,  that  is,  the  les- 
ser curvatiu'e  is  lined  onh'  by  cardiac  and  pyloric  glands  (11). 

To  be  sure,  we  must  be  careful  in  comparing  conditions  in  two  organs 
so  different  in  function  as  are  the  heart  and  stomach.     One  has  been 
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specialized  to  pump  blood  rapidly;  the  other  serves  largely  as  a  reser- 
voir, a  hopper  for  the  bowel,  where  the  waves  do  more  mixing  than 
propolling.  Yet  they  have  both  been  evolved  from  simple  tubes  of 
rhythmic  muscle,  and  it  seems  to  me  that  the  analogies  are  close  enough 
to  make  us  eager  to  examine  the  stomach  from  a  point  of  view  which 
has  done  so  much  to  advance  our  knowledge  of  the  physiology  and 
pathology  of  the  heart.  In  the  stomach,  we  should  expect  to  find  the 
most  rhythmic  tissue  at  the  cardia  and  along  the  lesser  curvature. 
The  least  rhythmic  tissue  might  be  in  the  fundus  and  along  the  greater 
curvature.  Such  differences,  if  present,  might  go  far  to  explain  the 
origin  and  peculiarities  of  gastric  peristalsis.  I  wish  to  show  now  to 
what  a  considerable  extent  these  expectations  have  been  fulfilled. 

TECHNIC 

After  some  experimenting,  good  records  were  obtained  from  longi- 
tudinal strips  of  muscle  from  different  parts  of  the  stomach  of  the  rab- 
bit, cat,  dog,  and  man.  With  a  razor,  parallel  cuts  3  to  5  mm.  apart 
were  made  just  to  the  mucosa.  A  narrow  strip  of  muscle  2  cm.  long 
was  then  lifted  up,  after  cutting  through  the  submucosa  with  a  fine 
pair  of  scissors.  The  only  place  in  the  rabbit  where  this  was  impossible 
was  along  the  canalis  gastricus  from  the  cardia  to  the  incisura  angu- 
laris.  Here  I  could  find  no  line  of  separation,  so  the  muscular  strips 
from  this  part  of  the  lesser  curvature  were  studied  with  mucous  mem- 
brane attached  (fig.  2,  A  and  B).  A  separation  could  be  made  in  the 
cat,  dog  and  man,  although  it  was  more  difficult  in  this  region  than  in 
the  rest  of  the  stomach.  This  close  attachment  of  the  mucosa  to  the 
muscle  brings  to  mind  a  similar  arrangement  of  skin  and  fascia  in  the 
palm  of  the  hand,  which  enables  us  to  grasp  things  firmly.  In  the 
same  way,  in  the  stomach,  this  intimate  relation  between  muscle  and 
mucous  membrane  may  be  essential  to  the  formation  of  the  canalis  gas- 
tricus, through  which  fluids  flow  along  the  lesser  curvature  (12).  A  lo- 
calized contraction  on  the  greater  curvature  might  not  show  at  all  on 
the  inside  of  the  stomach,  as  the  mucosa  there  is  redundant,  and  but 
loosely  attached  to  the  muscle. 

Separation  of  the  strips  was  very  easy  in  the  pyloric  antrum,  and  the 
laxity  of  the  .submucosa  in  that  region  was  striking  in  all  the  animals 
studied. 

The  strips  were  usually  immersed  in  warm  aerated  Ringer's  solution 
and  studied  at  once,  but  they  can  be  kept  in  the  icebox  for  four  or  five 
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daj-s.  It  is  remarkable  that  dailj-  tracings  from  the  same  set  of  strips 
■  showed  that  they  might  beat  even  better  on  the  second  or  third  daj' 
than  on  the  first.  This  seemed  to  be  due  to  a  loss  of  inhibition,  as  the 
strijis  gcncrallj-  began  beating  more  promptly  after  immersion;  the 
rh\-thm  often  was  faster,  and  the  records  more  regular.  A  great  deal 
of  patience  was  needed  uith  fresh  strips,  as  many  of  them  did  not  show 
activilj-  until  thej'  had  been  in  the  warm  Ringer's  solution  for  an  hour 
or  more.  Even  then,  one  part  of  barium  chloride  to  25,000  of  the  so- 
lution often  had  to  be  added  before  some  of  them  would  beat.  The 
temperature  of  the  Ringer's  solution  was  kept  between  37°  and  38°C. 
Ordinarily  no  weight  was  added  to  the  light  heart  levers  used;  it  was 
not  found  to  be  necessarj'. 

EXPERIMENTAL   DATA 

The  following  conclusions  are  based  upon  records  from  the  stomachs 
of  sixteen  rabbits,  eight  cats,  nine  dogs  and  one  man.  This  material 
seemed  to  be  sufficient,  as  most  of  the  data  were  in  such  entire  agree- 
ment. Longitudinal  strips  from  the  two  curvatures  have  been  used 
almost  exclusively.  Some  work  was  done  with  pieces  cut  longitudinallj' 
midway  between  the  two  curvatures  and  with  circular  strips  from  dif- 
ferent regions,  but  it  was  soon  discontinued,  as  the  only  ones  that  showed 
much  activity  were  those  from  the  neighborhood  of  the  cardia.  The 
type  of  contraction  obtained  in  the  circular  strips  corresponded  to  that 
of  the  longitudinal  ones  from  the  same  region. 

The  first  strips  to  begin  contracting  after  immersion  were  those  from 
the  upper  end  of  the  stomach.  In  the  cat  and  dog  the  strip  from  the 
lesser  curvature  next  to  the  cardia  (fig.  3,  A)  was  first,  often  showing 
activity  immediately  after  immersion  in  the  bath.  In  the  rabbit,  the 
strips  from  the  fundus  (fig.  2,  D  and  E)  seemed  to  recover  sooner  from 
the  trauma  of  attachment  and  generally  became  active  shortly  before 
the  cardiac  strips  did.  Strips  from  the  greater  curvature  and  from  the 
antrum  (particularly  in  the  rabbit)  often  took  an  hour  or  two  to  get 
started,  and  even  then  some  did  not  contract  well.  Thus,  out  of  eleven 
strips  from  the  rabbit's  antrum,  only  two  showed  rhj^thmic  activity. 

It  should  be  emphasized  that  the  only  strip  that  could  be  counted 
upon  in  every  stomach  to  give  regular,  typical  tracings  was  (hat  cut 
from  the  lesser  curva^'ure  near  the  cardia  (.4 ,  figs.  2  and  3).  This  region 
shoired  the  greatest  tendency  to  rhythmic  contraction  of  any  part  of  the 
stomach. 
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THE    DIFFERENT   TYPES    OF    CURVES 


The  curves  traced  by  strips  from  certain  regions  of  the  stoniacii 
were  so  characteristic  that  there  was  little  need  for  labelling  some  of 

them.     This  might  lie  said  particularly  about  the  records  of  the  strip 
from  the  lessor  fuivaturc  of  the  rabbit  near  the  cardia.     Tlic  individual 


Fin.  2.  Eiagram  of  tlie  rabbit's  s'omach  showing  the  location  of  the  principal 
strips  studied,  together  with  specimen  tracings  from  the  different  regions.  M  A 
and  6  two  characteristic  types  of  tracing  are  shown.  The  time  tracing  repre- 
sents 30  second  intervals.  A  short  strip  of  duodenal  tracing  is  inserted  for  com- 
parison. 


contractions  of  this  strip  coukl  generally  be  recognized  by  the  almost 
vertical  rise  and  the  sharp  peak  caused  by  the  immediate  relaxation 
(see  figs.  2  and  4).  This  tjTDe  of  curve  often  shaded  into  another  very 
regular  form,  particularly  when  the  rate  became  faster,  or  after  the  ad- 
dition of  1  :-25,000  PaCls  (fig.  4).  In  the  cat  and  dog,  the  curves  from 
this  region  could  be  recognized  not  only  by  the  sharper  apices  to  the 
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contractions  and  the  more  rapid  rate,  but  often  on  account  of  the  pe- 
culiar tonus  waves  depicted  in  figure  5. 

Strips  from  the  lesser  curvature  (B,  figs.  2  and  3)  beat  with  a  very 
small  amplitude  in  all  the  animals.  In  the  rabbit,  the  waves  could 
sometimes  be  made  out  only  by  using  a  hand  lens.  Many  strips  did 
not  beat  at  all.     The  po.ssible  reasons  for  this  will  be  taken  up  later. 


Fig.  3.  A  diagram  of  the  cat's  stomach  to  show  the  location  of  the  principal 
strip.s  studied  and  the  types  of  tracing  peculiar  to  the  different  regions.  This 
diagram  will  serve  also  for  the  location  of  strips  in  the  dog's  stomach.  The  time 
tracing  repres  nts  30  second  intervals. 

In  the  rabbit,  strips  next  to  the  cardia  on  the  side  towards  the  fun- 
tlus  (fig.  2,  D)  gave  tracings  very  different  from  those  juist  described 
for  strip  A  on  the  side  of  the  lesser  curvature.  They  were  character- 
ized by  marked  irregularities  of  tone,  rhythm  and  amplitude.  Sec- 
tions from  the  rest  of  the  fundus  behaved  in  much  the  same  way.  In 
the  cat  and  dog  there  was  less  difference  in  the  behavior  of  the  strips 
on  the  two  curvatures  next  to  the  cardia  (fig.  3,  A  and  E).     This  is  to 
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be  expected  when  we  remember  that  their  stomachs  have  ahnost  no 
fundus  and  that  they  are  simpler  and  less  differentiated  from  the  origi- 
nal tube. 

Strips  from  the  middle  region  of  the  greater  curvature  in  all  the  ani- 
mals {F,  figs.  2  and  3)  varied  a  good  deal  in  their  reactions.  Some 
did  not  beat  at  all,  others  gave  fair  tracings,  while  a  few  were  quite 
regular.  The  best  curves  in  the  rabbit  were  seen  after  the  tone  had 
been  raLsed  by  barium  chloride;  and  particularly  in  strips  which  had 
been  on  ice  from  24  to  48  hours.  They  never  resembled  the  typical 
ones  from  the  cardia  however.  Ordinarily,  the  waves  were  large, 
rounded  and  uneven.  They  were  even  larger  and  more  rounded  in 
the  cat  and  dog. 

Strips  from  the  greater  curvature  near  the  antrum  in  the  rabbit's 
stomach  gave  peculiar  curves  characterized  by  regularly  recurring 
^^^^^^^^^^^^^^^^^^^^^^^^^^^_     groups  of   waves  with 

Sometimes  the  muscle 
.■<trip  would  shorten  to 
less  than  half  its  origi- 
nal length.  Two  such 
curves  are  shown  at  G, 
figure  2.  Particularl}^ 
after  the  addition  of  a 
little  barium  to  the 
solution,  this  type  of 
curve  often  shaded 
into  another,  as  regular  and  even  as  a  duodenal  tracing.  This  very 
regular  curve  with  rapid  rhj'thm  was  seen  in  some  strips  twenty-four 
hours  old  from  the  same  region  of  the  cat's  stomach.  Ordinarily  in 
the  cat  and  dog  these  strips  reacted  very  much  like  those  from  the 
middle  of  the  greater  curvature. 

The  tj^)e  of  contraction  in  the  strips  from  the  antrum  pylcri  (C, 
figs.  2  and  3)  was  very  characteristic  in  all  tlie  animals  studied.  It 
made  no  difference  from  what  part  of  the  antrum  they  were  taken. 
The  curves  showed  a  very  even  base  line,  uijon  which  were  superim- 
posed at  regular  intervals  high  sjTiinictrical  peaks.  These  are  well 
shown  in  figure  6,  the  middle  record.  It  was  very  typical  even  in  the 
frog,  where  the  great  amplitude  of  contraction  in  this  region  was  well 
biought  out.  On  such  tracings  the  antral  peaks  were  often  four  times 
as  high  as  the  cardiac  ones,  in  spite  of  the  factthat  the  antral  strip  might 


Fig.  4.  Tracing  from  a  strip  from  the  lesser  curva- 
ture near  the  cardia  showing  the  change  in  rhythm 
after  adding  1:  25,000  BaClj. 
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l)L'  only  a  fourth  a;^  long  as  the  strip  from  the  much  wider  cardiac  end 
of  the  stomach.  This  difference  is  well  illustrated  hj-  fig.  10  in  an 
article  by  Woodwortii  (13) 


Fig.  5.  a,  Tonus  waves  in  a  loi-ord  from  the  strip  on  tlie  lesser  curvature  next 
to  tlie  cardia  of  a  cat's  stomach,     b,  From  the  same  region  in  a  dog's  stomach. 


DIFFERENCES    IN    THE   RATE    OF   CONTRACTIONS 

Speaking  roughly,  the  rate  varied  as  the  distance  from  the  cardia. 
The  fastest  rates  in  all  the  animals  were  observed  in  the  tracings  from . 
strip  A  on  the  lesser  curvature.  In  the  cat,  this  sirij)  contracted  from 
4  to  8  times  per  minute.  In  the  rabbit  and  dog  there  were  two  or  three 
difl'erent  types  of  curve  with  dilT(>rent  rates.  Often  when  the  strips 
first  began  to  beat  after  immersion,  the  rate  would  be  from  2  to  5  per 
minute.     After  awhile  the  contractions  would  become  smaller  and  more 
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frequent,  and  the  rate  would  change  to  from  9  to  14  per  minute,  usu- 
allj'  about  11.  Three  strips  beat  20  times  per  minute  for  short  inter- 
vals. The  rate  in  the  dog  was  usually  from  8  to  13  per  minute,  but  in 
a  few  animal.s  it  was  from  4  to  7  per  minute.  At  the  other  end  of  the 
stomach,  in  the  antrum,  the  rates  varied  from  1  to  4  per  minute  in  all 
the  animals.  The  rates  of  the  other  strips  ranged  between  these  two 
extremes:  usually  from  4  to  9  per  minute.  One  exception  must  be 
made  in  regard  to  the  strip  on  the  greater  curvature  next  to  the  antrum 
in  the  rabbit (G,  fig.  2).  Here  the  rate  was  often  from  9  to  12  per 
minute.     The  possible  significance  of  this  will  be  discussed  later. 

DIFFERENCES    IN   TONE 

Differences  in  tone  were  observed  while  studying  the  strips.  When 
the  cuts  were  made  through  the  muscle  on  the  lesser  curvature,  the 
edges  pulled  apart  farther  than  they  did  on  the  greater  curvature. 
Strip  A  on  the  lesser  curvature  was  always  much  smaller  than  the  hole 
from  which  it  was  removed,  but  strips  E  and  F  on  the  greater  curva- 
ture might  be  even  larger  than  the  hole,  if  care  were  not  taken  to  avoid 
all  traction.  Strips  E  and  F  would  often  lie  flat  when  put  into  Ringer's 
solution,  but  strips  A,  B  and  G  generally  curled  up  tightly. 

A  high  tone  on  the  lesser  curvature  might  have  something  to  do 
with  the  poor  amplitude  of  contraction  in  the  strips  from  this  region. 
I  have  commented  elsewhere  (14)  upon  the  fact,  so  often  observed  with 
smooth  muscle,  that  as  the  tone  rises,  the  amplitude  of  contraction  falls 
until  rhj'thmic  activity  may  cease  entirely.  The  larger  amplitude  of 
contraction  seen  in  the  strips  from  the  greater  curvature  agrees  per- 
fectly with  the  supposition  that  the  tone  is  low  in  that  region.  The 
great  amplitude  of  contraction  in  the  strips  from  the  antrum  and  pre- 
antrum  is  probabty  due  to  other  factors,  as  the  tone  seemed  to  be 
high.  The  fibers  of  the  muscle  might  be  longer  or  more  nearly  parallel 
in  this  region.  Such  histological  differences  have  been  found  to  explain 
differences  in  the  reactions  of  the  frog's  sartorius  and  gastrocnemius 
(15).  It  is  suggestive  that  McGill  (16)  has  noticed  histologically  a 
tendency  to  ahnost  total  contraction  of  muscle  fibers  in  the  pyloric 
ring. 

Tone,  unfortunately,  is  a  vague  and  often  misused  term.  Sherring- 
ton has  shown  recently  (17),  that  many  of  the  phenomena  attributed 
to  it  are  really  what  he  calls  "Postural"  changes,  that  is,  there  is  an 
adjustment  of  the  contractile  length  of  the  muscles  without  necessarily 
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an  alteiiition  of  tension.  Such  adjustments  must  take  place  constantly 
in  the  fimdus  of  the  stomach  so  that  it  can  maintain  a  steady  even 
pressure  on  the  material  that  is  heing; 
fed  into  the  rhythmically  contracting 
pyloric  mill.  This  may  explain  the 
marked  tt-ndency  of  excised  strips 
from  the  rabl)it's  fundus  to  contract 
down  to  about  one-half  of  their  origi- 
nal lengths  after  they  have  been  in 
the  warm  Ringer's  solution  for  from 
;iO  to  60  minutes.  After  this,  they 
seldom  relaxed  or  showed  much 
rhythmic  activity.  It  is  mt cresting 
to  note  the  resemblance  of  the  tonus 
waves  in  a  strip  from  the  neighbor- 
hood of  the  dog's  cardia  (fig.  5b)  to 
those  observed  by  Fano,  Porter  (18) 
and  others  in  the  auricles  of  the  toad 
and  terrapin.  Such  changes  have 
been  noticed  near  the  cardia  in  the 
intact  stomach  also  (19). 


THE    HUMAN    STOMACH 

The  kindness  of  Doctors  Baxter 
and  Brill  enabled  me  to  get  the  stom- 
ach of  a  man  within  a  half  hour  after 
death  from  nephritis.  Strips  from 
this  stomach  reacted  very  much  like 
those  already  studied.  Figure  7a 
shows  the  small,  regular  and  rapid 
rhythm  in  the  cardiac  strip  from  the 
le.sser  curvature.  The  rate  varied 
between  5  and  12  per  minute.  The 
next  piece  on  the  lesser  curvature 
show'ed  a  few  contractions,  only  after 
barium  w'as  added.  The  strips  from 
the  preantrum  on  the  lesser  curva- 
ture contracted  very  much  like  those 
from  the  greater  curvature  in  .some 
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Fig.  6.  Records  from  five  .strips 
from  different  parts  of  the  dog's 
stomach.  Shows  typical  contractions 
from  the  pyloric  antrum. 
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cats.  The  amplitude  was  large,  the  rhythm  slow  and  irregular.  The 
strip  from  the  antrum  pylori  on  the  greater  curvature  showed  the 
usual  type  of  curve  for  that  region.  Strips  from  the  greater  curvature 
showed  less  rhvthinieitv  than  did  those  from  the  lesser  curvature. 


Fig.  7.  a,  Records  from  four  strips  from  different  parts  of  the  lesser  curvature 
of  a  human  stomach,     b.  Four  strips  from  the  greater  curvature. 
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DISCUSSION 

As  was  exiicct pel,  marked  differences  have  been  found  in  tlie  behavior 
and  in  the  rhjtlunicit}'  of  the  strips.  Some  of  these  peculiarities,  such 
as  the  high  rhythmicity  of  strip  A,  the  grading  of  the  rhythm  down- 
wards towai'ds  the  ]\vIorus.  and  the  differences  in  tone  on  the  two  cur- 
vatures are  explainable  on  the  basis  of  the  theory  that  gave  rise  to  the 
work.  Other  features,  such  as  the  low  rhythmicity  of  strips  from  the 
middle  of  the  lesser  curvature,  the  promptness  with  which  strips  from 
the  rabbit's  fundus  began  contracting  after  immersion,  and  Ihe  high 
rhythmicity  of  the  preantral  strip  on  the  greater  curvature  are  rather 
against  the  \dew  that  the  rhj-thmicity  should  vary  inversely  as  the 
distance,  spacially  or  cmbrj-ologically,  from  the  primitive  tube. 

There  are  probably  other  modifying  factors  present,  such  as  those 
tending  to  fit  the  muscle  in  the  different  regions  to  the  different  tj'pes 
of  work  that  have  to  be  done.  Such  a  factor  might  account  for  the 
marked  differences  between  the  behavior  of  strips  from  the  pyloric  an- 
trum and  from  the  body  of  the  stomach.  A  remnant  of  the  original 
tube  itself  might  lose  nuich  of  its  rhj-thmicity  if  that  function  should 
interfere  with  the  work  to  be  done.  This  might  be  one  explanation 
for  the  poor  records  obtained  from  strips  from  the  canalis  gastricus 
along  the  lesser  curvature  of  the  rabbit's  stomach.  The  high  rhj-th- 
micity  of  strip  G  on  the  greater  curvature  in  the  rabbit  is  not  so  easily 
explained.  Auer  noticed  on  the  intact  stomach  that  after  reflex  inhi- 
bition of  the  movements,  the}'  always  returned  first  in  the  preantral 
ring,  and  he  concluded  that  this  was  clearly  the  most  rhythmic  section 
(20).  I  believe,  however,  that  it  is  exceeded  in  this  regard  bj'  the  car- 
dia.  These  problems  cannot  be  settled  on  the  basis  of  differences  in 
rln-thmicity  alone.  More  light  must  be  obtained  by  studying  the 
irritability,  latent  period,  conductivity,  etc.,  in  the  different  i-egions. 
For  instance,  as  will  be  seen  in  the  next  paper,  a  comparison  of  the 
latent  periods  in  different  parts  of  the  stomach  seems  to  support  the 
original  theory  even  more  than  has  the  .study  of  differences  in  rh^^th- 
micity. 

It  took  many  experiments  and  years  of  discussion  to  establish  the 
fact  that  the  stomach  can  perform  its  functions  quite  satisfactorily  and 
normally  after  section  of  all  ex-trinsic  nerves  (21).  The  observations 
presented  hi  this  paper  show  now  that  local  peculiarities  of  tone  and 
rhj^hmicity  maj-  have  much  to  do  with  directing  and  modif\-ing  the 
peri.staltic  wave  as  it  travels  over  the  .•stomach.     A  glance  at  one  of 
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Groctlel's  (22)  illustrations  made  up  of  the  superimposed  outlines  of  a 
dozen  serial  radiographs  of  the  same  human  stomach  will  show  how 
little  the  lesser  curvature,  as  far  as  the  incisura  annularis,  is  affected 
by  the  peristaltic  wave.  Appearing  at  a  variable  distance  from  the 
fundus,  the  waves  seem  to  travel  almost  entirely  along  the  greater 
curvature,  getting  deeper  as  they  approach  the  antrum.  At  that  point, 
their  character  changes  markedly;  they  involve  the  whole  circumfer- 
ence of  the  .stomach  and  are  .so  deep  that  they  sometimes  meet  in  the 
center. 

It  seems  to  me  that  these  local  differences  in  the  peristaltic  wave 
correspond  perfectly  to  the  regional  peculiarities  of  tone,  rhythm  and 
amplitude  of  the  tissue  through  which  it  must  pass.  As  in  the  heart, 
so  here,  the  waves  probably  have  their  origin  in  the  most  highly  rhyth- 
mic area.  Similarly,  again,  the  gradation  of  rhythmicity  from  cardia  to 
pylorus  may  have  much  to  do  with  maintaining  the  downward  course 
of  the  waves. 

Conduction  must  be  very  different  in  the  two  organs,  as,  in  the 
.stomach,  the  waves  keep  traveling  quite  normalh'  after  several  encir- 
cling cuts  have  been  made  down  to  the  mucosa  (23).  Moreover,  the 
pyloric  portion  of  the  stomach  in  dogs  continues  to  functionate  nor- 
mally even  after  complete  separation  from  the  rest  of  the  organ  (24). 
There  is  also  little  interference  with  peristalsis  in  the  human  stomach 
after  excismg  the  middle  portion  for  carcinoma  (25). 

Rather  again.st  the  view  that  the  waves  originate  near  the  cardia  is 
the  common  observation  that  they  seem  to  appear  now  here,  now  there 
on  the  greater  curvature.  As  Cannon  says,  "the  pulsatile  source  of 
the  gastric  waves  has  no  fixed  seat"  (26).  His  work  showed  that  a 
wave  is  likely  to  appear  at  the  spot  where  a  certain  balance  is  struck 
between  the  tone  of  the  muscle  and  the  internal  tension.  My  records 
from  the  intact  intestine  showed  clearly  that  a  peristaltic  rush  which 
apparently  had  begim  in  the  lower  ileum  had  really  come  as  an  unno- 
ticed ripple,  all  the  way  from  the  duodenum  (27).  I  believe  that  the 
same  thing  may  take  place  in  the  stomach,  and  that  ripples  sent  out 
from  the  cardia  may  deepen  into  large  waves  at  the  place  where  the 
conditions  defined  by  Doctor  Cannon  are  right.  Perhaps  we  could  see 
these  ripples  if  we  had  better  means  of  detecting  what  is  going  on.  As 
Groedel  (28)  says,  anyone  watching  peristalsis  in  the  human  stomach 
would  say  that  the  lesser  curvature  did  not  participate  at  all,  yet  good 
serial  plates  always  showed  waves  corresponding  to  those  on  the  greater 
curvature.     Dietlen  (29)  has  shown  also  that  mth  the  patient  lying 
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down,  SO  that  the  fundus  is  filled,  small  hut  ilcfinite  waves  can  be  seen 
near  the  cardia. 

Another  question  that  arises  is,  whj-  should  the  rates  of  the  strips  in 
the  ral)l)it  and  dog  be  so  much  higher  than  that  of  the  intact  stomach. 
Only  in  the  cat  do  they  correspond  at  all.  It  is  different  in  the  intes- 
tine, where  the  rates  of  the  intact  bowel  and  of  the  exci.sed  .segments 
agree  quite  closely.  In  the  rabbit  it  may  be  that  the  slower,  more 
powerful  contractions  that  were  seen  in  manj^of  the  tracings  from  the 
cardiac  strip  are  the  ones  that  initiate  the  peristaltic  waves  of  the 
.stomach.  The  faster  rates  maj-  indicate  a  reserve,  of  which  the  cardia 
has  the  greatest  amount.  It  does  not  seem  likely  that  the  normal 
slow  rate  is  due  to  depressor  effects  from  the  vagus  as  peristalsis  is  not 
quickened  after  double  vagotomy  (30).  More  prol)ably  the  longer  in- 
tervals between  beats  are  needed  for  adequate  rest  and  recovery,  so 
that  the  muscle  can  maintain  a  constant  level  of  efficiency.  For  the 
same  reason,  the  medusae  pulsate  normallj-  at  onlj-  a])out  one-seventh 
the  rate  that  thej'  are  capable  of  maintaining  under  certain  conditions 
(31). 

ANATOMICAL   DIFFERENCES 

It  is  hoped  that  this  work  may  induce  histologists  to  seek  for  regional 
differences  in  the  nervous  and  muscular  tissues  of  the  stomach,  and  to 
study  more  closely  the  region  about  the  cardia  and  the  lesser  curvature. 
Openchowski  years  ago  claimed  that  the  automatism  of  the  cardia  is 
due  to  groups  of  peculiar  ganglion  cells  under  the  serosa  (32).  These 
cells  were  like  those  found  in  the  heart.  They  wei-e  distinct  from  Auer- 
bach's  plexus;  and  when  they  were  stripped  off,  automatic  movements 
ceased.  This,  of  course,  might  have  been  due  to  the  trauma.  He 
found  similar  groups  of  cells  near  the  pj'lorus,  but  there  were  very  few 
in  the  bod}"  of  the  stomach.  Schiitz  also  has  described  such  ganglia 
grouped  about  the  cardia  and  p3iorus  (33).  Those  in  the  pyloric  por- 
tion and  fundus  had  connective  tissue  capsules.  Near  the  cardia  the 
cells  were  not  in  the  muscle  laj^ers,  as  they  were  elsewhere  in  the  stom- 
ach, but  were  in  the  connective  tissue  between  the  layers. 

Keith  (34),  who  has  recentlj'  done  some  very  interesting  work  on 
this  problem,  found  the  myenteric  plexus  well  developed  only  in  the 
pyloric  di\'ision  and  along  the  lesser  curvature.  There  was  no  local- 
ized inerea.se  or  development  at  the  point  where  gastric  movements  or- 
dinarily seem  to  begin.  There  was,  however,  a  "distinct  modification 
of  the  musculature  and  myenteric  plexus  just  distal  to  the  ring  which 
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marks  the  cessation  of  the  esophageal  epitheHum  and  the  commence- 
ment of  the  gastric  lining.  At  that  site  there  was  a  definite  develop- 
ment of  neuro-muscular  junctional  tissue — ^just  such  an  area  as  might 
serve  as  a  nodal  center  for  the  stomach."  In  this  region  in  the  echidna 
he  found  tissue  similar  to  that  seen  in  the  sino-auricular  node  of  the 
same  animal.  He  believes  the  contractions  of  the  stomach  are  there 
initiated.  Thus,  reasoning  along  the  same  lines  but  using  different 
methods,  Doctor  Keith  and  I  have  arrived,  independently,  at  the  same 
conclusion. 

Other  differences  will  probably  be  found  in  the  iimscle  itself.  It  is 
well  known  that  there  are  marked  differences  in  irritability,  latent  per- 
iod and  form  of.  the  contraction-curve  between  the  pale  and  red  volun- 
tary muscles  in  the  same  frog  or  rabbit,  between  the  flexors  and  exten- 
sors, between  the  abductor  and  adductor  of  the  crab's  pincers,  or  be- 
tween the  wing  and  log  muscles  of  an  insect.  Histological  differences 
have  also  been  found  corresponding  to  the  functional  ones.  The  pro- 
portion between  the  sarcoplasm  and  the  fibrils  varies  markedly  in  dif- 
ferent muscles;  and  even  in  the  same  muscle  there  may  be  fine  and 
coarse  fibers  with  different  degrees  of  irritabilit}%  so  that  weak  and 
strong  stimuli  produce  different  effects.  After  reading  the  articles  of 
Ranvier  (35),  Rollctt  (36),  Grlitzner  (37),  and  particularly  that  of 
Paukul  (38),  and  seeing  how  remarkably  striated  muscles  varj-,  not 
only  throughout  the  animal  kingdom  but  in  the  individual  body,  it  seems 
to  me  unreasonable  to  e.xpect  that  smooth  muscle  should  have  fixed 
properties  and  structure.  Marked  differences  in  the  physiological  pro- 
perties of  bits  of  smooth  muscle  from  different  organs  are  well  knowTi, 
but  I  can  find  very  little  about  histological  differences.  IVIcGill  is 
about  the  onlj'  one  who  seems  to  have  observed  such  details.  She 
found  in  some  parts  of  the  digestive  tract  a  persistence  of  the  embryonic 
condition  as  shown  by  the  distinct  s^^lc^■tial  arrangement  of  the  muscle 
fibers  with  both  end  and  side  anastomoses  (39).  Unfortunately,  Doc- 
tor McGill  had  no  reason  then  to  note  just  where  those  bodies  of 
embryonic  tissue  were  found. 

SUMMARY 

The  evidence  presented  suggests  that  the  gastro-intestinal  tube  may 
originally  have  been  constructed  so  that  the  rhj-thmicity  of  any  one 
segment  varied  inversely  as  the  distance  from  the  pharjaix. 

It  is  proposed  to  study  the  stomach  from  the  point  of  view  that  it 
has  been  evolved  from  a  primitive  tube  much  as  the  heart  has  been  en- 
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larged  and  specialized.  Reasoning  from  the  grounds  of  comparative 
anatomy  and  embryology,  we  should  expect  to  find  the  remnants  of 
this  tube  along  the  lesser  curvature  of  the  stomach  from  the  cardia  to 
the  pyloric  antrum. 

Excised  strips  of  muscle  from  the  cardiac  end,  and  particularly  that 
one  on  the  lesser  curvature  next  to  the  cardia,  show  the  strongest  ten- 
dency to  rhj'thmic  contraction. 

Different  types  of  tracings  are  peculiar  to  the  strips  from  different 
regions  of  the  stomach.  Speaking  roughly,  the  rate  of  contraction 
varies  inversely  as  the  distance  from  the  cardia.  The  tone  seems  to 
be  higher  on  the  lesser  than  on  the  greater  curvature. 

Strips  from  the  human  stomach  behave  very  similarly  to  those  ob- 
tained from  the  ralibit,  cat  and  dog. 

The  differences  observed  in  the  strips  probably  determine  the  direc- 
tion and  local  peculiarities  of  the  peristaltic  wave  as  it  sweeps  over  the 
stomach. 
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I  have  proposed  in  a  recent  paper  to  study  the  stomach  from  the 
point  of  view  that  it  has  been  evolved  from  a  simple  tube  much  as  the 
heart  has  been  enlarged  and  specialized  (1).  Reasoning  from  the 
grounds  of  comparative  anatomy  and  embryology,  we  should  expect 
to  find  the  remnants  of  the  primitive  intestinal  tube  along  the  lesser 
cui-vature.  These  theoretical  considerations  led  to  the  discovery  that 
strips  of  muscle  from  diffei'ent  parts  of  the  stomach  wall  vary  markedly 
m  their  tendencies  to  rhythmic  activity,  in  the  rates  of  contraction, 
and  in  the  forms  of  the  curves.  The  most  rhythmic  region  was  found 
on  the  lesser  curvature  next  to  the  cardia.  The  rate  of  contraction 
was  generally  faster  and  the  rhythm  more  regular  in  the  strips  from  the 
lesser  curvature  than  in  those  from  the  greater  curvature. 

Work  was  done  next  to  see  whether  differences  could  be  found  in 
irritability  and  latent  period  in  different  parts  of  the  stomach  wall, 
associated  with  the  differences  in  contractility  and  based  perhaps  upon 
the  same  developmental  peculiarities.  Very  little  could  be  found  in 
the  literature  bearing  upon  the  subject.  Meltzer  (2)  observed  in  dogs 
and  rabbits  that  faradic  stimulation  of  the  outer  surface  of  the  stomach 
in  situ  gave  different  results  in  different  regions.  The  fundus  was  quite 
unresponsive.  Contractility  seemed  to  improve  as  he  approached 
the  pylorus.  Stimulation  from  the  inside  of  the  stomach  had  no  effect 
except  with  the  strongest  currents.  A  local  contraction  of  the  .small 
intestine  could  be  obtained  with  a  much  weaker  current  than  that 
needed  for  the  stomach. 

Liideritz  (3)  hoped  to  explain  the  origin  of  gastric  peristalsis  by  simi- 
lar studies.  Using  mechanical,  chemical  and  electrical  stimuli,  he 
noticed  that  the  contraction  often  appeared  cardially  to  the  place 
stimulated.     He  thought  there  was  a  greater  irritability  near  the  lesser 
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curvature  than  elsewhere.  The  reactions  were  verj^  different  in  the 
pyloric  antrum.  When  the  stimulus  was  applied  near  the  pylorus, 
there  was  a  uniform  contraction  of  the  whole  distal  region.  In  dogs 
the  fundus  was  quite  insensitive  to  faradisni. 

Ducceschi  (4)  studied  the  irritability  of  different  parts  of  the  interior 
of  the  dog's  .stomach,  using  balloons  with  a  device  designed  to  apply 
the  stimulus  to  the  region  distended.  In  the  body  of  the  stomach,  the 
effects  of  mechanical  stimulation  were  weak  and  slow  to  appear.  He 
thought  the  reactions  were  quicker  and  more  energetic  at  the  pj^lorus 
than  at  the  cardia.  With  the  faradic  current,  the  cardia  proved  to 
be  the  most  irritable  region,  and  its  latent  period  was  shortest.  Such 
stimulation  at  the  cardia  sometimes  caused  inhibition  when  consider- 
able activity  was  present.  The  fundus  reacted  very  similarly  but  was 
much  less  irritable.  The  response  of  the  pyloric  antrum  was  even  less 
than  that  of  the  fundus.  : 

Weak  acids  had  a  more  pronoimced  stimulating  effect  on  the  cardia 
than  on  the  fundus.  In  the  pyloric  antrum,  the  effect  was  generally 
reversed,  the  active  movements  being  inhibited.  The  presence  of  the 
balloon  in  the  antrum  almost  alwaj^s  gave  rise  to  active  peristalsis. 
This  was  not  the  case  in  the  fundus.  Wlien  the  antrum  was  contracting 
rhythmically,  it  was  quite  refractory  to  outside  stimuh.  Tliis  refractori- 
ness of  the  active  antrum  was  noticed  by  Rogers  and  Hardt  (5)  while 
studying  the  means  of  inhibiting  hunger  contractions.  Carlson  (6) 
has  remarked  that  the  movements  of  digestion  are  mainly  in  the  pyloric 
part;  the  hunger  contractions  in  the  fundus.  "Either  these  two  regions 
of  the  stomach  react  differently  to  local  stimulation  of  the  gastric 
mucosa  or  else  the  nervous  mechanisms  concerned  ....  are 
different."  May  (7)  found  the  inhibitory  effect  of  vagus  stimulation 
more  pronounced  on  the  cardiac  than  upon  the  pj'loric  end  of  the 
stomach. 

A  very  suggestive  paper  is  that  of  Barbera  (8)  who  found  that  when 
the  stomach  of  a  frog  was  stimulated  at  anj'  point  bj'  weak  faradic 
shocks,  the  contraction  appeared  first  at  the  cardia.  By  inserting 
a  small  manometer  in  the  cardia,  and  by  resting  heart  levers  on  differ- 
ent parts  of  the  stomach,  he  found  that  this  was  due  to  a  shorter  latent 
period  at  the  cardia.  With  the  same  strength  of  current  a  rise  in  the 
tube  appeared  8.4  seconds  after  stimulating  the  cardia;  10.2  seconds 
after  stimulating  the  middle  region  and  13.5  seconds  after  stimulating 
near  the  pylorus.  In  only  one  case,  wliile  stinmlating  the  pyloric 
region,  that  part  contracted  first  and  then  the  cardia,  followed  by  the 
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middle.  Ordinarily,  stimulation  anywhere  on  the  stomach  was  picked 
up  first  at  tlic  cardia,  and  this  insured  the  downward  course  of  the 
peristaltic  wave. 

RESULT  OF  EXPERIMENTS 

This  work  of  Barbera  on  the  frog  seemed  to  me  so  important  and 
fundamental  that  I  have  repeated  it.  Difficulties  with  the  manometer 
method  caused  me  to  study  the  stomach  in  situ  in  pithed  frogs,  noting 
the  time  elapsed  between  stimulation  and  contraction  by  counting  the 
seconds  ticked  off  by  a  pendulum.  The  current  was  obtained  from  a 
Harvard  Apparatus  Company's  inductorium  (9)  with  one  dry  cell. 
Platinum  electrodes  were  used,  3  mm.  apart.  The  current  was  just 
perceptible  to  the  tongue  with  the  secondary  coil  at  12.5  cm.  Stimu- 
lation was  kept  up  for  ten  seconds,  or  until  a  contraction  appeared. 
Care  was  taken  to  keep  the  preparation  moist.  The  work  was  done  in 
the  months  of  September  and  October. 

Although  my  results  in  ten  frogs  were  not  so  uniform  as  those  of 
Barbera,  the  cardia  certainly  gave  by  far  the  quickest  reactions.  There 
was  generally  less  difference  between  the  latent  periods  of  the  middle 
and  pyloric  regions  than  between  those  of  cardia  and  middle  region, 
and  on  four  occasions  the  antrum  reacted  even  more  quickly  than  did 
the  middle.  This  might  have  been  caused  bj''  temporary  changes 
iu  irritability  due  to  previous  stimulation  or  to  the  passage  of  spontane- 
ous waves.  The  differences  in  latent  period  were  brought  out  best 
by  the  weakest  currents  that  would  take  effect  in  the  antrum.  Still 
weaker  stimuli  showed  that  the  cardia  was  the  most  irritable  part  of 
the  stomach,  as  it  generally  responded  to  currents  that  had  no  effect 
on  the  middle  or  on  the  antrum.  Stimulation  of  the  cardia  was  also 
more  likely  to  cause  a  strong  contraction  of  the  whole  stomach  than 
was  stimulation  of  the  antrum.  Frequently  irritation  of  the  pyloric 
region  brought  about  contraction  at  tha  cardia  and  in  the  duodenum 
before  any  effect  was  observed  at  the  point  stimulated. 

EXPERIMENTAL  OBSERVATIONS  ON  THE   STOMACHS  OF  RABBITS, 
CATS  AND  DOGS 

A  similar  technic  was  followed  with  the  stomachs  of  rabbits,  cats 
and  dogs.  The  rabbits  were  killed  with  a  blow  on  the  head ;  the  other 
animals  by  etherization  and  bleeding.  The  stomach  was  removed 
quickly  and  placed  in  a  shallow  dish  containing  Ringer's  solution  at 
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38°C.  The  upper  surface,  while  being  tested,  was  kept  moist  by  pour- 
ing on  more  warm  Ringer's  solution.  Unfortunately,  some  cooling 
could  not  be  avoided.  The  latent  period  in  almost  all  of  the  experi- 
ments was  determined  visually,  as  has  been  described.  Graphic 
records  were  obtained  from  a  few  stomachs,  enough  to  show  that  the 
simpler  technic  was  sufficiently  accurate.  These  stomachs  were  sus- 
pended vertically  and  the  region  to  be  tested  was  picked  up  by  two 
tiny  serrefines;  the  lower  one  attached  to  a  rigid  support,,  the  othertothe 
writing  lever.  Such  methods  could  not  be  used  regularly  on  account 
of  the  time  that  would  be  consumed  in  making  the  fifty  or  more  ob- 
servations requii-ed  on  each  stomach.  It  was  feared  that  during  this 
time  there  might  be  such  changes  in  the  irritability  that  no  comparison 
could  be  made  between  the  observations  taken  first  and  those  taken 
last. 

The  results  obtained  on  any  single  stomach  would  have  served  to 
illustrate  what  I  wish  to  show,  but  it  seemed  best  to  average  the  ob- 
servations made  m  the  different  regions.  Figui'e  1  shows  the  location  of 
these  regions  on  the  anterior  surface  of  the  rabbit's  stomach,  together 
with  the  average  latent  periods  for  faradic  and  galvanic  stimulation 
obtained  from  10  animals.  Figure  2  gives  similar  data  from  the  stom- 
achs of  8  cats.  The  faradic  current  was  obtained  from  the  same  ap- 
paratus that  was  used  on  the  frog.  The  secondary  coil  was  kept  at 
8  cm.  in  all  the  experiments.  The  galvanic  current  was  just  strong 
enough,  1.7  m.a.,  to  duplicate  the  faradic  effects  in  the  cardiac  and 
middle  regions.     The  same  platinum  electrodes  were  used. 

In  the  rabbit,  the  reaction  was  practicalh'  immediate  in  the  esopha- 
gus and  over  the  antrum  cardiacum.  It  is  well  known  that  striated 
muscle  reaches  to  the  cardia  in  rabbits  and  dogs,  but  the  articles  con- 
sulted did  not  give  the  iinpression  that  it  spreads  over  the  stomach 
at  all.  Doctor  WTiipple  kindly  looked  at  some  sections  from  these 
animals,  and  found  strands  e:jtending  2  cm.  beyond  the  cardiac  thick- 
ening. This  complication  was  not  met  with  in  the  cat  or  man,  where 
the  lower  fourth  of  the  esophagus  is  free  from  striated  muscle. 

As  will  be  seen  from  figure  1,  the  latent  period  was  shortest  around 
the  cardia  and  on  the  lesser  curvature  as  far  as  the  incisura  angularis. 
Bej'ond  that,  in  the  middle  of  the  anterior  surface,  there  is  a  zone  in 
which  the  reactions  appeared  within  a  second  or  two.  Outside  of 
that  again  is  an  area,  along  the  greater  curvature,  in  which  reactions 
were  obtained  in  from  one  to  four  seconds  in  the  more  irritable  stomachs 
(often  from  the  younger  animals).     In  some  of  the  less  irritable  stom- 
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Fig.  1.  Anterior  surface  of  the  stomach  of  the  rabbit,  showing  the  different 
regions  stimulated,  with  the  average  latent  periods  after  faradic  and  galvanic 
stimulation.  The  figures  indicate  seconds.  AB  is  the  dividing  line  between 
the  pyloric  antrum  and  the  body  of  the  stomach. 


Fig.  2.  Anterior  surface  of  the  stomach  of  the  cat  showing  the  different  regions 
stimulated  with  the  average  latent  periods  after  faradic  and  galvanic  stimula- 
tion. The  figures  indicate  seconds.  .IB  is  the  dividing  line  between  the  pj'loric 
antrum  and  the  body  of  the  stomach.  The  other  unbroken  line  represents  the 
pylorus. 
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achs,  no  reactions  covild  be  obtained  at  all  with  the  strengths  of  current 
used.  This  comparative  sluggishness  of  the  greater  curvature  was 
more  mai-kcd  with  the  galvanic  than  with  the  faradic  current.  Experi- 
ence showed  that  if  no  reaction  could  be  seen  after  ten  seconds,  it  was 
useless  to  stimulate  further.  The  graphic  records,  however,  suggested 
very  strongly  that  such  apparently  negative  results  were  more  often 
due  to  the  very  small  amplitude  of  the  contraction  rather  than  to  an 
entire  absence  of  response.  It  seemed  best,  therefore,  in  making  the 
averages,  to  represent  these  results  by  10  seconds,  assuming  that  some 
reaction  had  occurred  by  that  time.  This  has  given  results  quite 
comparable  to  those  found  in  any  single  stomach  of  moderate  irri- 
tability. 

Turning  to  the  charts  again,  it  will  be  seen  that  the  latent  period 
becomes  longer  as  we  approach  the  antrum  pylori.  Although  the 
muscle  begins  to  thicken  in  the  preantrum,  there  is,  in  the  rabbit,  a 
very  definite  transition  from  the  body  of  the  stomach  to  the  antrum. 
This  can  be  brought  out  markedly  by  leaving  the  stomach  48  hours  in 
ice-cold  Ringer's  solution.  The  dividing  line  is  then  very  sharp  between 
the  graj'-blue  of  the  body  of  the  stomach  and  the  red  muscle  in  the 
pyloric  portion.  This  division  is  not  so  apparent  in  the  cat  and  dog, 
but  it  can  easily  be  demonstrated.  In  all  the  animals  studied,  the 
change  in  the  tj'pe  of  reaction  to  stimuli  was  equallj^  sharp  at  this 
line.  In  the  preantrum  there  were  deep  hour-glass  contractions;  in 
the  antrum,  a  centimeter  away,  there  were  peculiar  local  puckerings 
and  tumefactions,  often  followed  by  a  spasm  of  the  whole  pyloric  end 
of  the  stomach.  The  latent  period  for  the  faradic  current  was  often 
more  than  double  that  observed  on  the  other  side  of  the  dividing  line. 
Strange  to  say,  there  was  no  such  increase  with  the  galvanic  current. 
This  rather  striking  observation  will  be  discussed  later.  The  lesser 
curvature  reacted  a  little  more  prompth'  than  did  the  rest  of  the  antrum. 

It  should  be  emphasized  that  the  pyloric  ring  showed  a  shorter  latent 
period  than  did  the  rest  of  the  antrum.  The  duodenum,  a  few  milli- 
meters away,  reacted  to  the  galvanic  current  very  promptly' — within 
0.5  to  1.0  second.  For  some  unknown  reason,  the  duodenum  seemed 
to  lose  its  irritability  to  the  faradic  current  very  rapidly  after  excision. 
With  the  organs  in  situ,  both  currents  caused  the  duodenum  to  contract 
promptl}^ 
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POSTERIOR  SURFACE  OF  THE  STOMACH 

It  was  soon  noticed  that  in  most  stomachs  the  latent  periods  were  a 
httle  longer  on  the  posterior  than  on  the  anterior  surface,  and  this 
conclusion  was  supj^orted  b}^  the  averages.  This  sluggishness  was 
most  marked  along  the  greater  curvature.  The  sequence  of  the  four 
series  of  tests — with  faradic  and  galvanic  currents  on  both  surfaces — 
was  changed  daily,  although  it  was  soon  evident  that  the  irritability 
of  the  stomachs  remained  quite  constant  for  a  periotl  longer  than  the 
hour  required  to  complete  the  work.  To  make  sure  that  differences 
in  thickness  or  resistance  in  the  peritoneal  coat  could  have  nothing  to 
do  in  altering  the  reactions,  tests  were  made  here  and  there  before  and 
after  laying  bare  the  muscle.  No  differences  In  latent  period  could  be 
produced  in  this  way. 

EFFECTS  OF  MECHANICAL  STIMULI 

Experiments  in  which  the  excised  stomach  was  pinched  by  fine  mouse- 
tooth  forceps  gave  results  very  similar  to  those  with  a  weak  faradic 
current.  In  the  rabbit,  the  region  about  the  greater  curvature  from 
the  fundus  to  a  point  opposite  the  incisura  angularis  failed  to  react. 
The  antrmn  showed  the  typical  puckering  contractions  after  a  latent 
period  of  from  3  to  5  seconds.  The  pylorus  and  duodenum  reacted 
almost  immediately.  The  region  around  the  cardia  was  so  sensitive 
that  a  contraction  generallj-  appeared  each  time  the  Ringer's  solution 
was  poured  on  the  stomach. 

DIFFERENCES  IN   IRRITABILITY 

With  weaker  currents,  a  close  relation  could  be  shown  between  the 
degree  of  irritabilit.y.  and  the  latent  period.  With  one-fourth  the 
strength  of  the  galvanic  current  previously  used,  reactions  were  ob- 
tained (in  the  rabbit)  only  around  the  cardia;  with  one-half  the  strength, 
thc}^  appeared  within  a  radius  of  3  cm.  from  the  junction  of  the 
esophagus  and  lesser  curvature.  This  also  was  the  only  part  of  the 
stomach  that  reacted  to  the  faradic  current  with  the  secondary  coil  at 
13  cm.     Similar  results  were  obtained  in  the  cat  and  dog. 

Just  as  in  the  frog,  stimulation,  particularlj^  of  the  middle  region  of 
the  stomach,  often  showed  itself  first  as  a  contraction  at  the  cardia  oi- 
along  the  lessser  curvature.  This  might  or  might  not  be  followed 
bj'  a  contraction  at  the  point  stimulated,  depending  on  the  strength 
and  duration  of  the  stimulus.     This  was  verv  marked  in  the  cat. 
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STUDIES  WITH  THE  STOMACH  IN  SITU 

To  make  sure  that  these  differences  were  not  due  to  the  trauma  of 
excision  or  to  miequal  post-mortem  changes  in  the  gastric  plexuses,  the 
work  was  repeated  on  the  stomachs  of  rabbits,  cats  and  dogs  whose 
abdomens  were  opened  after  etherization.  The  vagi  and  splanchnics 
were  left  intact.  The  intestines  were  covered  with  gauze  wrung  out 
in  warm  Ringer's  solution,  and  the  stomach  wall  was  moistened  fre- 
quently with  the  same  fluid.  Regional  differences  were  found  cor- 
responding to  those  in  the  excised  stomachs.  The  cardia,  lesser  cur- 
vature and  pyloric  antrum  reacted  in  about  the  usual  time;  but,  strange 
to  say,  the  rest  of  the  stomach — the  fundus  and  body — -was  generally 
much  less  irritable  than  in  the  excised  organ,  and  often  this  region 
would  not  react  at  all  to  the  currents  used.  The  possible  significance 
of  these  findings  will  be  discussed  later. 

EXPERIMENTS  OX  THE  HUM,\N  STOALVCH 

A  few  experiments  performed  on  the  human  stomach,  while  neces- 
sarily inconclusive,  suggest  that  similar  differences  will  be  found  there 
also.  Through  the  kindness  of  Doctors  Baxter  and  Brill,  I  had  the 
opportunity  of  making  the  desired  tests  twenty  minutes  after  death 
in  a  man  who  died  of  nephritis.  Unfortunately,  there  was  ascites 
with  edema  of  the  peritoneum  which  may  have  had  some  influence  on 
the  reactions.  Both  in  situ  and  when  excised,  this  stomach  was  less 
irritable  than  those  of  animals,  and  to  get  reactions  with  the  faradic 
current,  the  secondary  coil  had  to  be  at  6  cm.  The  cardia  and  adja- 
cent lesser  curvatm-e  could  not  be  studied  satisfactorily  in  situ  as  the 
pulling  that  was  necessary  seemed  to  affect  the  reactions.  Elsewhere 
the  reactions  were  very  much  like  those  in  the  cat's  stomach.  After 
excision,  the  stomach  contracted  down  to  the  cylindrical  J  form,  so 
well  known  to  radiologists.  It  seemed  to  lose  its  irritabihty  rapidly; 
the  preantral  region  was  the  onlj'  place  which  reacted  twice  in  the  same 
wa}',  and  no  conclusions  could  be  drawn. 

Another  specimen  obtained  at  operation  on  a  man  with  beginning 
malignant  degeneration  of  a  small  scar  at  the  pylorus  showed  definitely 
the  difference  between  faradic  and  galvanic  effects  in  the  antrum;  also 
the  much  greater  irritability  of  the  duodenum  as  compared  with  the 
stomach.  Through  the  kindness  of  Dr.  W.  I.  Terry,  I  was  able  to 
study  the  reactions  in  the  pyloric  half  of  another  human  stomach  during 
an  operation  for  an  old  cholecj^stitis.     The  anesthetic  was  gas-oxj'gen 
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and  the  abdominal  wound  was  infiltrated  with  novocain.  The  only 
definite  statements  that  could  be  made  after  this  work  were  that  the 
stomach  was  less  irritable  than  that  of  the  animals;  that  it  was  a  little 
more  uTitable  near  the  lesser  than  along  the  greater  curvature,  and 
that  the  ii-ritabihty  of  the  duodenum  was  much  greater  than  that  of 
the  stomach.  Even  with  the  coil  at  4  cm.,  the  faradic  current  failed 
to  bring  about  a  contraction  in  the  stomach. 

DISCUSSION 

The  lesser  curvature,  and  particularly  that  part  near  the  cardia, 
is  more  irritable  than  the  fundus  and  body  of  the  stomach;  and  it  seems 
very  probable  that  these  differences  can  be  ascribed  to  the  develop- 
mental peculiarities  outlined  at  the  beginning  of  this  paper.  Other 
differences  have  been  found,  however,  which  show  that  the  distance, 
spacially  or  embryologicallj^,  from  the  primitive  tube  is  not  the  only 
factor  modifying  the  irritability.  As  was  suggested  in  the  previous 
paper  (10),  the  muscle  of  the  stomach  wall  has  probably  been  modified 
to  serve  different  purposes  in  different  regions.  This  would  explain 
the  big  differences  which  I  believe  e.xist  between  the  muscle  of  the  body 
of  the  stomach  and  that  of  the  pyloric  antrum.  Such  differences 
seem  inevitable  when  we  remember  the  differences  in  function.  While 
the  principal  activity  of  the  fundus  is  to  maintain  a  slight  even  pressure 
on  its  contents,  the  antrum  must  contract  rh}i;hmical!y  and  power- 
fully for  hours  at  a  time.  Recently  Lee,  Guenther.  and  Meleney  (11) 
have  shown  how  rpmarkably  the  diaphragm  differs  from  other  muscles 
in  its  ph3-siologic  reactions  and  its  chemical  constitution.  These 
differences  are  all  related  to  its  unceasing  activitj'.  For  the  same  reason, 
we  may  expect  some  day  to  find  that  the  reddish  muscle  in  the  pjdoric 
antrum  has  more  sarcoplasm,  glycogen,  etc..  than  the  pale  muscle  in 
the  fundus. 

The  better  reaction  of  the  pyloric  antrum  to  the  galvanic  current 
suggests  that  the  muscle  is  more  sluggish  in  this  region.  One  is  re- 
minded of  the  reaction  of  degeneration  in  striated  muscle,  or  of  such 
experiments  as  those  of  Fick  (12)  who  noticed  that  an  induced  current 
which  stimulated  a  frog's  muscle  had  no  effect  on  a  mussel's  muscle. 
The  latter  responded,  however,  to  a  slowlj^  increasing  galvanic  current 
which  had  no  effect  on  the  frog.  Further  experience  with  excised  strips 
has  given  me  the  impression  that  this  sluggishness  is  due  partly  to 
nervous  inhibition.     If  the  irritability  of  the  muscle  is  dependent  upon 
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its  nervous  connections,  we  should  expect  the  reactions  to  become  pro- 
gressively slower  after  rcmoviil  of  the  stomach  from  the  animal,  and 
particularly  after  the  trauma  of  cutting  strips.  The  opposite  is  true;  not 
only  may  the  latent  period  become  shorter,  but  it  has  been  found  in  a 
number  of  instances  that  strips  from  the  antrum  would  contract  more 
promptlj'  after  they  had  been  iu  the  ice-box  24  and  even  48  hours  than 
they  did  immediately  after  excision.  It  has  already  been  noted  that 
the  excised  strips  will  generally  beat  rhj-thmically  on  the  second  or 
third  day  better  than  on  the  first.  Although  the  enteric  nerves  are 
probably  the  last  to  die  in  the  body  (13)..  it  is  hardlj'  conceivable  that 
their  functional  capacity  could  improve  after  48  hours,  and  we  must  look 
for  the  differences  in  the  muscle  itself. 

The  nervous  inhibition  with  the  stomach  in  situ  probably  explains 
Meltzer's  failure  to  get  good  reactions  from  the  cardiac  half  of  the 
stomach.  As  will  be  shown  in  a  subsequent  paper,  strips  of  muscle 
cut  from  such  a  refractory  fundus  and  stimulated  in  a  moist  chamber 
will  react  markedly  to  the  same  current  after  a  latent  period  of  less 
than  one  second.  Ducceschi  has  remarked  upon  the  refractoriness  of 
the  pyloric  region  when  it  is  active.  It  would  appear  that  the  nervous 
mechanism  serves  more  to  restrain  the  muscle  than  to  raise  its  irrita- 
bility. Such  inhibition  may  be  very  necessary  to  save  the  stomach 
from  the  fatigue  and  perhaps  incoordination  that  might  follow  its 
reaction  to  every  stimulus  received  during  digestion. 

It  is  very  probable  that  there  are  big  differences  again  in  the  muscle 
of  the  duodenum,  which  not  only  contracts  so  differently,  but  has  a 
shorter  latent  period  and  a  greater  irritability  than  that  of  the  antral 
muscle.  This  was  noticed  by  Meltzer.  Schiff  also  remarked,  years 
ago,  that  when  the  digestive  tract  is  stimulated  activelj'  by  the  cutting 
off  of  its  blood  supply,  the  stomach,  with  the  exception  of  the  cardia, 
is  the  part  least  affected  (14). 

The  tendency  of  the  antrum  to  respond  as  a  whole  when  stimulated 
at  anj^  one  spot  may  have  some  clinical  interest.  Roentgenologists 
occasionally  see  such  spasm  in  man  when  an  ulcer  is  located  in  the 
pyloric  region.  As  the  pylorus  is  more  irritable  than  the  rest  of  the 
antrum,  it  is  not  surprising  that  it  should  often  be  closed  so  tighth' 
when  this  part  of  the  stomach  is  irritated.  Interesting  also  to  the 
clinician  is  the  tendency  to  deep  hour-glass  contraction  after  stimu- 
lation in  the  preantral  region  in  animals.  That  is  the  common  location 
for  such  spasm  in  man.  This  finding  is  in  agreement  also  with  the 
observation  that  strips  from  this  region  show  a  far  wider  amplitude  of 
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rhythmic  contraction  than  do  those  from  any  other  part  of  the  stomach 
wall. 

I  agree  entirely  with  Meltzer  that  it  is  quite  hopeless  to  attempt  to 
influence  the  stomach  therapeutically  by  intragastric  or  abdominal 
electricity.  The  refractoriness  of  the  stomach  in  situ,  particularh- 
when  stimulated  through  the  mucous  membrane,  is  so  great  that  even 
powerful  currents  will  produce  no  motor  efTect. 

SUMMARY 

It  has  been  shown  in  the  frog's  stoiitoch  that  the  cardia  is  the  most 
irritable  region;  also  that  the  latent  period  is  shortest  at  the  cardia 
and  longest  near  the  pylorus.  These  peculiarities  should  have  much  to 
do  with  insuring  the  aboral  course  of  the  peristaltic  waves. 

The  mammalian  stomach  has  been  studied  from  the  point  of  view 
that  it  has  developed  from  a  primitive  tube  much  as  the  heart  has  been 
enlarged  and  specialized.  Reasoning  from  the  grounds  of  comparative 
anatomy  and  embryology,  we  should  expect  to  find  the  remnants  of 
this  tube  along  the  lesser  curvature.  These  developmental  differences 
probably  have  something  to  do  with  the  regional  differences  in  irri- 
tability and  latent  period  found  in  the  stomachs  of  rabbits,  cats  and  dogs. 

The  latent  period  for  faradic,  galvanic  and  mechanical  stimuli  is 
shortest  around  the  cardia  and  along  the  lesser  curvature  as  far  as  the 
incisura  angiilaris.  These  limits  include  also  the  most  irritable  part 
of  the  stomach.  The  region  of  the  greater  curvature  and  fundus  is 
much  less  irritable  and  often  fails  to  react  at  all. 

There  is,  particularly  in  the  rabbit,  a  definite  transition  from  the 
pale  muscle  of  the  body  of  the  stomach  to  the  reddish  muscle  of  the 
antrum.  The  change  in  the  tj-pe  of  reaction  to  stimuli  is  equallj' 
sharp  at  this  Ime.  In  the  preantrum,  there  are  deep  hoiu-  glass  con- 
tractions; in  the  antrum,  a  centimeter  awaj-,  there  are  small  puckerings 
often  followed  by  spasm  of  the  whole  pyloric  end.  The  latent  period 
in  the  antrum  is  markedh^  lengthened  for  the  faradic  current;  very 
slightly  for  the  galvanic. 

The  pyloric  ring  is  more  irritable  and  reacts  more  promptly  than  does 
the  rest  of  the  antrum. 

The  duodenum  is  much  more  iiTitable  than  the  pyloric  antrum. 

The  posterior  surface  of  the  stomach  is  a  little  less  irritable  than  the 
anterior  surface,  and  the  latent  periods  are  longer. 

With  the  exception  of  the  cardia  and  lesser  curvature,  the  stomach 
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in  situ  is  often  quite  refractory  to  stimulation  in  its  cardiac  half.  This 
seems  to  be  due  to  nervous  inhibition  as  it  is  less  marked  in  the  excised 
stomach,  and  still  less  so  in  strips  of  muscle  cut  from  the  fundus  or 
greater  curvature. 

It  seems  likely  that  the  nervous  mechanism  serves  more  to  restrain 
the  muscle — to  keep  it  from  reacting  to  every  stimulus — than  to  render 
it  more  irritable. 

The  little  work  done  so  far  on  the  stomach  of  man  has  given  results 
in  agreement  with  tho.se  obtained  in  animals. 
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In  an  earlier  communication  (1)  we  have  been  able  to  show  that  bile 
pigment  could  be  formed  from  hemoglobin  without  the  agency  of  the 
liver.  Solutions  of  hemoglobin  were  introduced  into  the  blood  ves- 
sels of  dogs  whose  livers  had  been  excluded  from  any  part  in  this 
reaction.  There  was  a  prompt  formation  of  bile  pigment  from  hemo- 
globin with  no  possible  direct  liver  action.  This  transformation  can 
take  place  within  a  space  of  two  hours  when  active  circulation  is 
maintained  in  the  head  and  thorax  alone.  It  seemed  probable  that 
the  endothelium  might  be  the  tissue  whose  activity  was  responsible 
for  this  change  of  hemoglobin  to  bile  pigments. 

This  work  has  received  confirmation  from  experiments  of  McNee 
(2)  who  repeated  the  experiments  of  Minkowski  and  Naimyn  with 
geese.  He  found  that  icterus  did  develop  without  liver  actixaty  and 
found  evidences  of  endotheUal  acti\aty.  He  suggests  (3)  that  the 
Kupfl'er  cells  may  normally  transform  hemoglobin  to  bile  pigments. 

The  experiments  given  below  prove  conclusively  that  still  other 
tissues  can  rapidly  transform  the  hemoglobin  pigment  into  bile  pig- 
ment. There  can  be  no  question  of  any  direct  liver  activity  in  these 
experiments.  Some  transformation  may  take  place  within  eight 
hours,  but  the  pigment  production  in  twenty-four  hours  can  usually 
be  estimated  with  considerable  accuracy.  This  mesothelium  of  the 
serous  ca\dties  can  not  effect  this  transformation  as  promptly  as  it 
is  effected  in  the  circulating  blood,  but  the  contact  with  the  living 
pleural  cells  is  not  as  active  and  intimate, — not  a  circulatory  contact. 
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If  we  assume  that  the  capillary  endothelium  can  transform  hemo- 
globin to  bile  pigment,  it  is  at  once  obvious  how  intimate  is  the  con- 
tact of  the  circulating  hemoglobin  solution  with  the  living  protoplasm 
of  the  vessels.  The  solution  of  hemoglobin  in  the  serous  ca\dties 
may  be  in  more  or  less  motion  (respiration,  peristalsis,  or  body 
movements),  but  at  best  it  is  not  in  very  intimate  contact  with  the 
living  protoplasm.  The  wonder  is  that  the  transformation  is  so 
prompt  and  easily  recognizable.  It  is  impossible  to  estimate  the 
relative  activity  of  endothehum  and  mesothelium,  but  there  can  be 
little  difference  if  we  allow  for  the  rapidity  of  circulation  and  sur- 
face contact. 

It  has  been  claimed  by  older  workers  (Virchow  (4)  and  many  others) 
that  blood  standing  long  in  contact  with  hving  tissues  was  slowly 
changed  to  a  golden  pigment  hematoidin  which  is  chemically  equiva- 
lent to  bilirubin.  Virchow  used  the  term  hemolytic  icterus  for  this 
reason.  Guillain  and  Troisier  (5)  noted  in  human  cases  with  pleural 
hematomas  that  bile  pigment  was  formed  after  a  considerable  period 
with  no  complicating  liver  abnormahty.  Von  der  Bergh  and  Snapper 
(6)  were  able  to  find  greater  amoimts  of  bile  pigment  in  serous  exu- 
dates than  in  the  blood  serum,  and  they  speak  in  favor  of  the  extra- 
hepatic  formation  of  bile  pigment.  That  the  serous  cavdties  can 
rapidly  transform  hemoglobin  to  bile  pigment  has  not  been  hitherto 
recognized. 

EXPERIMENTAL   OBSERVATIONS. 

The  experiments  are  not  all  given  in  detail,  but  the  essential  facts 
are  given  in  Tables  I  and  II.  A  typical  experiment  from  each  group 
is  given  in  sufficient  detail,  and  it  is  to  be  emphasized  that  the  majority 
of  these  experiments  caused  no  inflammation  or  even  permanent 
injury  to  the  pleural  or  peritoneal  cavity.  In  a  few  cases  due  to 
slips  in  technique  there  developed  a  pleurisy  or  a  peritonitis,  but 
these  complications  did  not  modify  the  transformation  of  hemoglobin 
to  bile  pigment.  The  crystalline  hemoglobin  causes  a  slight  irrita- 
tion in  the  pleural  or  peritoneal  cavity,  and  it  is  possible  that  the 
inflammatory  reaction  may  assist  in  the  transformation,  but  it  is  not 
an  essential  factor. 
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Method. 

Active  and  vigorous  dogs  were  used  in  all  of  our  experiments.  The  urine  was 
obtained  by  catheter,  and  in  every  case  it  was  examined  before  the  experiment. 
The  Huppert-Salkowski  test  for  bile  pigments  was  used  in  examining  the  urine, 
and  unless  otherwise  stated  20  cc.  of  urine  were  employed  in  the  test.  Either 
fresh  or  cr>'stalline  dog  hemoglobin  was  used.  The  fresh  hemoglobin  was  obtained 
by  laking  washed  erythrocytes  with  distilled  water. 

The  preparation  of  crystalline  hemoglobin  was  carried  out  according  to  the 
method  of  Bradley  and  Sansum  (7).  The  red  blood  cells  obtained  from  defibri- 
nated  dog  blood  by  centrifugalization  were  washed  eighteen  or  twenty  times  with 
normal  salt  solution,  then  they  were  laked  with  toluene  and  a  little  distilled  water. 
The  toluene  layer  was  removed  and  the  solution  centrifugalized  and  decanted 
from  the  stroma  material.  This  hemoglobin  solution  was  then  mixed  with  20 
per  cent  by  volume  of  toluene,  shaken  thoroughly,  and  set  aside  in  the  cold.  After 
twenty-four  or  forty-eight  hours  the  mixture  is  nearly  a  solid  mass  of  large  well 
formed  crystals.  The  crystals  are  collected  by  centrifugalization,  washed  with 
cold  water,  spread  thin  on  glass,  and  dried  in  a  stream  of  warmed  air.  Fresh 
0.6  per  cent  salt  solution  was  used  as  a  diluting  medium  for  the  fresh  or  crj^staUine 
dog  hemoglobin. 

The  fluids  were  introduced  into  or  withdrawn  from  the  pleural  or  peritoneal 
cavity  through  a  trocar.  After  withdrawing  the  pleural  or  peritoneal  fluids  they 
were  centrifugalized  immediately,  the  supernatant  fluid  was  decanted  and  made 
definitely  alkaline  by  the  addition  of  a  saturated  solution  of  sodium  carbonate, 
then  a  10  per  cent  solution  of  calcium  chloride  was  added  until  precipitation  was 
complete.  After  centrifugalization  at  high  speed  the  supernatant  fluid  was  again 
poured  oflf,  and  the  calcium  bile  pigment  compound  remained  as  a  yellowish  pre- 
cipitate. The  precipitate  was  washed  free  from  other  coloring  matter  and  col- 
lected again  by  centrifugalization.  Finally  the  precipitate  dissolved  in  a  hot 
solution  of  5  per  cent  hydrochloric  acid  in  95  per  cent  alcohol  gave  the  charac- 
teristic blue  green  color  when  bile  pigments  were  present. 

The  method  used  to  determine  the  amounts  of  bile  pigments  quantitatively 
will  be  published  in  the  near  future.  This  method  in  abstract  consists  of  reading 
the  blue  green  color  of  the  acid  alcohol  extract  in  a  Used  dilution  against  a  perma- 
nent wedge  of  similar  color  which  has  been  standardized  against  chemically  pure 
bilirubin  solutions  of  known  amounts.  The  common  sulphonephthalein  colorim- 
eter may  be  used  to  advantage. 

Pleural  Experiments. 

Bile  Pigments  Formed  from  Hemoglobin  in  Periods  of  8  to  66  Hours. 

Dog  15-11. — 8  and  24  hours.  (Table  I.)  Short  haired  mongrel,  male;  weight 
14  pounds. 
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Mar.  17.  Dog  is  normal.  9.30  a.m.  20  cc.  of  concentrated  urine  are  negative 
for  bile  pigments.  10  a.m.  20  cc.  of  washed,  laked  red  blood  ceUs  are  introduced 
into  the  right  pleural  cavity  with  500  cc.  of  sterile  0.6  per  cent  salt  solution. 
11.10  a.m.  No  respiratory  embarrassment.  2  p.m.  20  cc.  of  urine  are  negative 
for  bile  pigments  and  hemoglobin.  6  p.m.  100  cc.  of  dark  red  fluid  removed  from 
right  pleural  cavity  are  negative  for  bile  pigments.  20  cc.  of  urine  are  negative 
for  bile  pigments  and  hemoglobin. 

Mar.  18,  9.35  a.m.  Dog  is  very  active.  Rectal  temperature  39.1°  C.  20cc. 
of  urine  negative  for  bile  pigments  and  hemoglobin.  10  a.m.  158  cc.  of  dark 
red  fluid  recovered  from  right  pleural  cavity  are  positive  for  bile  pigments.  1 1 .20 
a.m.  Right  pleural  cavity  irrigated  with  500  cc.  of  0.6  per  cent  salt  solution. 
Appetite  is  fairly  good. 

Mar.  19,  9  a.m.  Dog  is  listless.  Rectal  temperature  40.2°  C.  Respiratory 
movements  over  right  thorax  are  impaired. 

Mar.  20,  10  a.m.  Rectal  temperature  39.1°  C.  Dog  is  very  active  and  eats 
weU.     Respiration  normal. 

Dog  15-34. — 8  hours.     (Table  I.)     Mongrel  setter,  male;  weight  55  pounds. 

May  12.  Dog  is  active  and  vigorous.  8.30  a.m.  20  cc.  of  urine  are  negative 
for  bile  pigments.  8.45  a.m.  500  cc.  of  water  are  introduced  into  the  stomach 
through  a  stomach  tube.  9.30  a.m.  30  cc.  of  washed,  laked  red  blood  cells  arc 
introduced  into  the  right  pleural  cavity  with  1,500  cc.  of  sterile  0.6  per  cent  salt 
solution.  11  a.m.  20  cc.  of  urine  are  negative  for  bile  pigments  and  hemoglobin. 
5  p.m.  20  cc.  of  urine  are  negative  for  bile  pigments  and  hemoglobin.  5.30 
p.m.  1,175  cc.  of  dark  red,  turbid  fluid  recovered  from  right  pleural  cavity. 
Chemical  test  is  positive  (suspicious)  for  bile  pigments.  5.50  p.m.  Right  pleural 
cavity  is  irrigated  with  500  cc.  of  0.6  per  cent  salt  solution.  6  p.m.  Drinks 
some  milk. 

May  13,  9.30  a.m.  Dog  is  listless  and  refuses  to  eat.  Rectal  temperature 
102.3°  F.  Respiratory  movements  over  right  thorax  are  impaired,  and  a  friction 
rub  is  palpable. 

May  14,  10  p.m.  Very  active.  Rectal  temperature  101.8°  F.  Respiratory 
movements  are  normal. 

Dog  15-39. — 17  and  66  hours.  (Table  I.)  Black  mongrel,  female;  weight  32 
pounds. 

May  10.  Dog  is  in  excellent  condition.  9.30  a.m.  20  cc.  of  concentrated  urine 
are  negative  for  bUe  pigments.  11.15  a.m.  30  cc.  of  washed,  laked  red  blood 
cells  suspended  in  1,100  cc.  of  sterOe  0.6  per  cent  salt  solution  are  introduced  into 
the  right  pleural  cavity.  5.20  p.m.  930  cc.  of  dark  red  fluid,  recovered  from  the 
right  pleural  cavity,  give  a  positive  (suspicious)  test  for  bOe  pigments.  20  cc.  of 
urine  are  negative  for  bUe  pigments  and  hemoglobin.  5.30  p.m.  Right  pleural 
cavity  is  irrigated  with  500  cc.  of  0.6  per  cent  salt  solution.  6p.m.  Respiratory 
movements  over  right  thorax  are  somewhat  delayed. 

May  11.  Dog  is  active  and  vigorous.  Rectal  temperature  102.6°  F.  Respi- 
ratory movements  are  normal. 
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May  17.  Dog  is  in  excellent  condition.  Weight  32  pounds.  3.30  p.m.  20 
cc.  of  urine  are  negative  for  bile  pigments.  5  p.m.  30  cc.  of  washed,  laked  red 
blood  cells  are  introduced  into  the  left  pleural  cavity  with  1,000  cc.  of  0.6  per 
cent  salt  solution.  6.10  p.m.  20  cc.  of  urine  are  negative  for  bDe  pigments  and 
hemoglobin.     Respiratory  movements  are  somewhat  delayed  over  left  thorax. 

May  18,  9.30  a.m.  Rectal  temperature  103.2°  F.  Respiratory  movements 
are  markedly  delayed  over  left  thorax.  20  cc.  of  urine  are  negative  for  bile  pig- 
ments and  hemoglobin.  10  a.m.  390  cc.  of  dark  red  fluid  recovered  from  the 
left  pleural  cavity  contain  0.14  mg.  of  bUe  pigment.  5.30  p.m.  Animal  is  quite 
active. 

May  19.     Dog  is  not  very  lively.    9  a.m.     Rectal  temperature  102.8  °F. 

May  25.  Weight  32  pounds.  Dog  is  active  and  vigorous.  Rectal  tempera- 
ture 102.2°  F.  4.30  p.m.  20  cc.  of  urine  are  negative  for  bOe  pigments.  4.45 
p.m.  500  cc.  of  water  are  introduced  into  the  stomach  through  a  stomach  tube. 
4.50  p.m.  The  right  pleural  cavity  is  irrigated  with  500  cc.  of  sterile  0.6  per  cent 
salt  solution.  The  fluid  recovered  is  water-clear;  bile  pigment  test  negative. 
6.10  p.m.  10  gm.  of  crystalline  dog  hemoglobin  dissolved  in  1,100  cc.  of  0.6  per 
cent  salt  solution  are  introduced  into  the  right  pleural  cavity.  6  p.m.  Respira- 
tory distress  is  not  marked. 

May  26.  Dog  is  quite  active  and  eats  well.  The  movements  of  the  right 
thorax  are  somewhat  impaired.  Rectal  temperature  101.8°  F.  2.10  p.m.  20 
cc.  of  urine  are  negative  for  bile  pigments  and  hemoglobin. 

May  27.  Rectal  temperature  102.2'  F.  Movements  of  the  right  thorax  are 
markedly  impaired.  Refuses  food.  12.35  p.m.  20  cc.  of  urine  are  faintly  posi- 
tive for  bile  pigments. 

May  28.  Rectal  temperature  102.8°  F.  10.30  p.m.  20  cc.  of  urine  are  faintly 
positive  for  bile  pigments.  11  a.m.  510  cc.  of  dark  red  turbid  fluid  re- 
covered from  the  right  pleural  cavity  contain  5.40  mg.  of  bUe  pigments.  11.20 
a.m.  Right  pleural  cavity  is  irrigated  with  500  cc.  of  sterile  0.6  per  cent  salt 
solution. 

May  29.    Dog  is  normal. 

Dog  15-52. — 24  hours.  (Table  I.)  Bull  terrier  mongrel,  male;  weight  41.5 
pounds. 

Jime  16.  Dog  is  normal.  10  p.m.  20  cc.  of  urine  are  negative  for  bUe  pig- 
ments. 11.35  a.m.  9  gm.  of  crystalline  dog  hemoglobin  dissolved  in  1,000  cc. 
of  0.6  per  cent  salt  solution  are  injected  into  the  right  pleural  cavity.  12  m. 
Respiratorj'  distress  is  not  marked.     6  p.m.     Animal  drinks  some  milk. 

June  17.  Dog  is  quite  active.  Respiratory  movements  over  right  thorax  are 
impaired.  Rectal  temperature  102.8°  F.  10  a.m.  20  cc.  of  urine  are  negative 
for  bOe  pigments.  11.30  a.m.  575  cc.  of  dark  red,  turbid  fluid  recovered  from 
the  right  pleural  cavity  contain  0.18  mg.  of  bUe  pigment.  5  p.m.  Respiratory 
movements  are  quite  normal. 

June  18.    Dog  is  verj'  active.     Rectal  temperature  102.4°  F. 
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TABLE  I. 
Hemoglobin  Changed  to  Bile  Pigment  in  Pleural  Cavity. 
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Dog  15-^3. — 43  hours.     (Table  I.)     Mongrel  spaniel,  male;  weight  34  pounds. 

May  20.  Dog  is  in  excellent  condition.  Rectal  temperature  102°  F.  12.10 
p.m.  20  cc.  of  urine  are  negative  for  bQe  pigments.  12.15  p.m.  500  cc.  of 
water  are  introduced  into  the  stomach  through  a  stomach  lube.  3.10  p.m.  4 
gm.  of  crystalline  dog  hemoglobin  dissolved  in  1,100  cc.  of  sterile  0.6  per  cent  salt 
solution  are  introduced  into  the  right  pleural  cavity.  5.30  p.m.  20  cc.  of  urine 
are  negative  for  bile  pigments  and  hemoglobin. 

May  21.  Dog  is  active  and  eats  weU.  Respirator}' movements  over  the  right 
thorax  are  impaired.     Rectal  temperature  102.2°  F. 

May  22.  Rectal  temperature  103.1°  F.  10.30  a.m.  20  cc.  of  urine  are  nega- 
tive for  bile  pigments  and  hemoglobin.  11  a.m.  808  cc.  of  dark  red,  turbid 
fluid  recovered  from  the  right  pleural  cavity  contain  0.36  mg.  of  bile  pigments. 

May  23.     Rectal  temperature  101.8°  F.     Dog  is  normal. 

The  preceding  cxperimcrils  are  conclusive  proof  that  mesothelium 
can  rapidly  transform  hemoglobin  into  bile  pigTuent.  The  lining 
cells  of  the  pleural  cavity  like  other  body  cells  (probably  endothelium) 
can  form  bile  pigments  out  of  hemoglobin,  either  freshl}^  laked  or 
crystallized.  This  solution  of  hemoglobin  is  not  in  very  intimate 
contact,  not  in  circulatory  contact,  as  is  hemoglobin  in  contact  with 
the  endothelium  of  the  capillaries,  yet  the  transformation  takes  place 
promptly  in  a  few  hours.  There  is  experimental  evidence  of  this 
bile  pigment  transformation  in  the  pleura  within  eight  hours,  but  a 
very  definite  amount  is  formed  within  eighteen  to  twenty-four  hours, 
an  amount  often  sufficient  for  accurate  determination. 

Dog  15-20. — 8  hours.     (Table  II.)     Mongrel  poodle,  male;  weight  19.5  pounds. 

Mar.  29.  Dog  is  normal.  10  a.m.  20  cc.  of  concentrated  urine  are  negative 
for  bile  pigments.  10.30  a.m.  35  cc.  of  washed,  laked  red  blood  cells  are  intro- 
duced into  the  peritoneal  cavity  with  800  cc.  of  0.6  per  cent  salt  solution.  12.30 
a.m.  20  cc.  of  urine  are  negative  for  bile  pigments  and  hemoglobin.  2  p.m. 
Rectal  temperature  101.3°  F.  5.30  p.m.  20  cc.  of  urine  are  negative  for  bile 
pigments  and  hemoglobin.  6.30  p.m.  300  cc.  of  dark  red  turbid  fluid  recovered 
from  the  peritoneal  cavity  give  a  questionably  positive  test  for  bile  pigments. 
6.45  p.m.  Peritoneal  cavity  is  irrigated  with  2,000  cc.  of  0.6  per  cent  salt  solu- 
tion.    Urine  gives  positive  (suspicious)  test  for  bQe  pigments. 

Mar.  30.    Dog  is  very  lively  and  eats  well.     Rectal  temperature  101.7°  F. 

Dog  15-43. — 28  hours.  (Table  II.)  Mongrel  spaniel,  male;  weight  33.5 
pounds. 

June  17.  Dog  is  in  excellent  condition.  9.45  a.m.  20  cc.  of  urine  are  nega- 
tive for  bile  pigments.  11.15  a.m.  7  gm.  of  crystalline  dog  hemoglobin  dissolved 
in  2,800  cc.  of  0.6  per  cent  salt  solution,  introduced  into  the  peritoneal  cavity. 
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12  m.    Dog  shows  no  embarrassment.    5.30  p.m.     Animal  listless  and  refuses  to 

eat.     Considerable  rigidity  of  abdomen. 

June  18.  Rectal  temperature  103.8°  F.  Animal  is  listless,  will  not  eat,  and 
lies  quietly  in  cage.  Abdominal  muscles  are  very  tense.  2  p.m.  20  cc.  of  urine 
are  positive  for  bile  pigments.  3.20  p.m.  755  cc.  of  dark  red  turbid  fluid  re- 
covered from  the  peritoneal  cavity  give  a  positive  test  for  bile  pigments.  3.35 
p.m.  Peritoneal  cavity  irrigated  with  3,000  cc.  of  sterile  0.6  per  cent  salt  solu- 
tion.    5  p.m.     Rectal  temperature  104.2°  F. 

June  19.  9  a.m.  Animal  is  found  dead,  .\utopsy  showed  a  diffuse  fibrinous 
peritonitis.    Other  organs  are  negative. 

Dog  15-55. — 48  hours.     (Table  II.)     Mongrel  hound,  male;  weight  40.5  pwunds. 

June  16.  Dog  is  in  excellent  condition.  2  p.m.  20  cc.  of  urine  are  negative 
for  bile  pigments.  2.40  p.m.  7  gm.  of  crystaUine  dog  hemoglobin  dissolved  in 
3,000  cc.  of  0.6  per  cent  salt  solution  introduced  into  the  peritoneal  cavity.  6 
p.m.  Dog  is  quite  active.  20  cc.  of  urine  are  negative  for  bile  pigments  and 
hemoglobin. 

June  17.  Rectal  temperature  102.2°  F.  10.10  a.m.  20  cc.  of  urine  are  posi- 
tive for  bile  pigments.     Hemoglobin  negative. 

June  18.  Dog  is  very  lively  and  eats  well.  9.30  a.m.  Rectal  temperature 
103.6°  F.  1.30  p.m.  20  cc.  of  urine  are  negative  for  bile  pigments  and  hemo- 
globin. 2.30  p.m.  310  cc.  of  dark  red,  turbid  fluid  recovered  from  peritoneal 
cavity  contain  0.27  mg.  of  bile  pigment.  2.50  p.m.  Peritoneal  cavity  irrigated 
with  2,000  cc.  of  0.6  per  cent  salt  solution.     5.30  p.m.     Dog  is  very  active. 

June  30.     Dog  is  normal. 


TABLE  II. 
Hemoglobin  Changed  to  Bile  Pigment  in  Peritoneal  Cavity. 
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The  preceding  experiments  and  Table  II  show  that  the  peritoneal 
cavity  can  transform  hemoglobin  into  bile  pigment  with  the  same 
promptness  as  the  pleural  caxity.  The  two  cavities  are  lined  by  a 
similar  mesolhelium,  so  there  need  be  no  surprise  when  the  reactions 
are  found  to  be  similar.  The  difference  in  absorption  from  the  two 
cavities  is  ob\dous.  The  pleural  cav-ity  gives  slow  absorption,  most 
of  the  fluid  introduced  is  recovered,  and  little  if  any  of  the  formed 
bile  pigment  appears  in  the  urine.  The  peritoneal  cavity  gives  a 
pretty  rapid  absorption,  most  of  the  fluid  introduced  is  taken  up, 
and  the  bile  pigments  appear  in  the  urine  as  a  result. 

DISCUSSION. 

A  dift'erence  in  absorption  from  the  pleural  and  peritoneal  cavities 
has  been  noted  and  it  comes  out  clearly  in  Tables  I  and  II.  The 
relatively  rapid  absorption  from  the  peritoneal  cavity  causes  the 
escape  of  bile  pigments  in  the  urine.  Even  in  the  pleural  experiments, 
however,  there  is  considerable  absorption  which  indicates  that  in 
both  pleural  and  peritoneal  ca\-ities  there  is  an  outflow  of  fluid. 
Whether  there  is  interchange  between  the  introduced  fluid  and  the 
body  fluids  is  uncertain,  but  much  interchange  is  unlikely.  In  these 
experiments  the  dogs  were  all  normal  and  their  urine  free  from  bile 
pigment  at  the  beginning  of  the  experiments,  which  means  that  the 
serum  was  negative  to  bile  pigments  by  the  test  employed.  That 
the  blood  pigments  could  have  been  absorbed  into  the  blood,  changed 
to  bile  pigments  in  association  with  the  liver,  and  again  ditTused  into 
the  pleural  fluid,  is  inconceivable.  The  observations  in  the  pleural 
experiments  (Table  I)  show  that  the  urine  was  free  from  hemoglobin 
and  bile  pigments  during  the  first  forty -eight  hours. 

A  theoretical  objection  could  be  raised  to  the  experiments  with 
the  hemoglobin  solutions  in  the  peritoneal  cavit\-.  It  could  be  argued 
that  this  solution  comes  in  contact  with  the  liver  and  could  be 
modified  in  this  manner.  The  solution  does  come  in  contact  with 
the  serous  covering  of  the  liver,  but  not  with  the  hepatic  epithelium. 
Diftusion  through  the  serous  epitheHum  of  the  Hver  is  conceivable, 
but  most  improbable,  and  the  pleural  experiments  are  not  open  to 
such  an  objection. 
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The  use  of  crystalline  hemoglobin  seems  to  cause  more  irritation 
of  the  serous  surfaces  than  does  a  fresh  solution  of  hemoglobin  ob- 
tained from  freshly  laked  red  corpuscles.  When  this  irritant  action 
lasts  over  a  period  of  three  days  there  is  undoubtedly  some  new 
formation  of  capillaries  and  proliferation  of  mesothelium,  as  well  as 
an  escape  of  various  wandering  cells.  This  reaction  brings  other 
extrahepatic  factors  into  the  equation  and  apparently  accelerates  the 
formation  of  bile  pigment  (Table  I). 

All  this  evidence  indicates  that  the  function  of  changing  hemo- 
globin to  bile  pigment  is  not  limited  to  any  single  cell  or  even  to  two 
types  of  cell.  It  may  well  be  a  function  of  endothelium  and  meso- 
thehum  as  well  as  of  hepatic  epithelium.  Perhaps  wandering  cells 
have  this  propertj^  of  transforming  blood  to  bile  pigment.  Many 
of  these  wandering  cells  probably  have  their  origin  from  endothelium, 
and  may  they  not  retain  this  functional  capacity?  It  is  quite  possible 
that  other  epithelium  besides  liver  epithelium  may  be  able  to  effect 
this  transformation.  More  experiments  are  being  carried  out  with 
this  point  in  view.  If  we  go  a  step  further  it  may  be  suggested  that 
Hving  protoplasm  in  general  can  change  hemoglobin  to  bile  pigments. 

Still  other  questions  may  be  raised.  Can  tissue  juices  or  fennents 
bring  about  this  transformation  of  hemoglobin  to  bile  pigment?  We 
have  performed  many  experiments  with  negative  results,  but  have 
not  yet  given  up  the  attempt  although  success  seems  unlikely. 

CONCLUSIONS. 

It  is  known  that  hemoglobin  can  be  rapidly  changed  to  bile  pig- 
ment in  a  circulation  confined  to  the  head,  neck,  and  thorax.  This 
excludes  direct  liver  participation  (1). 

These  experiments  show  that  hemoglobin  can  be  changed  to  bile 
pigment  within  the  pleural  or  peritoneal  cavities. 

This  transformation  can  usually  be  detected  after  eight  hours,  and 
the  amount  can  often  be  estimated  quantitatively  after  an  internal 
of  twenty-four  hours. 

Such  experiments  demonstrate  the  importance  which  may  attach 
to  extrahepatic  bile  pigment  formation.  That  bile  pigments  can  be 
formed  without  direct  Uver  activity  is  estabhshed  beyond  doubt. 
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It  is  highly  probable  that  endothelium  as  well  as  mesothelium 
(serous  cavities)  can  transform  hemoglobin  into  bile  pigment.  It  is 
possible  that  this  property  may  reside  in  cell  protoplasm  in  general. 
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In  the  following  communications  we  propose  to  show  that  the  bile 
pigment  secretion  can  be  influenced  at  will  by  modification  in  the  diet. 
This  means  probably  that  the  liver  has  a  constructive  function  in 
forming  bile  pigments  as  well  as  the  accepted  eliminativc  function  which 
depends  on  the  destruction  of  red  cells  containing  hemoglobin.  The 
statement  that  bile  pigment  elimination  maj^  be  influenced  by  dietary 
conditions  is  proved  conclusively  for  dogs,  and  there  is  every  reason 
to  suppose  that  it  is  true  for  other  animals. 

We  realize  that  the  above  statements  are  contrary  to  the  accepted 
views  of  physiologists,  and  will  require  very  convincing  proof  which 
we  submit  in  detail  below.  The  generally  accepted  theorj'  covering 
the  life  history  of  the  bile  pigments  may  be  sketched  somewhat  as 
follows.  Degeneration  of  red  cells  frees  hemoglobin  which  is  brought 
to  the  liver  and  there  changed  to  bile  pigments  which  are  excreted  as 
waste  products  into  the  intestine.  Here  the  bile  pigments  are  reduced 
to  urobilin  or  stercobilin  some  of  which  may  be  absorbed  and  returned 
to  the  liver  and  again  thrown  out  in  the  bile  or  destroyed.  Some  of 
this  urobilin  may  escape  the  liver  and  appear  in  the  urine,  especially 
when  the  liver  is  not  functioning  normally. 

We  hope  to  add  several  factors  'o  this  relatively  simple  equation 
which  may  throw  more  light  on  the  functional  cipacity  of  the  liver  as 
well  as  the  cycle  of  pigment  metabolism  in  the  body.  We  have  estab- 
Hshed  (12)  the  fact  that  hemoglobin  can  be  rapidly  changed  to  bile 
pigment  in  the  body  circulation  outside  of  the  liver.  McNee  (5)  has 
recently  confirmed  this  observation.  We  (4)  have  also  shown  that  the 
pleural  and  peritoneal  cavities  can  rapidly  transform  hemoglobin  into 
bile  pigment.  We  believe  that  this  extrahepatic  transformation  of 
hemoglobin  into  bile  pigment  may  be  more  important  than  is  generally 
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supposed,  particularly  in  diseased  conditions  associated  with  icterus 
or  hemoglobineraia. 

We  (11)  have  recorded  the  observation  that  an  Eck  fistula  dog  with 
obstructed  common  bile  duct  will  develop  icterus  to  a  much  less  degree 
than  a  normal  dog  with  obstructed  duct.  It  has  been  proved  that  an 
Eck  fistula  liver  is  smaller  than  a  normal  liver  and  has  less  functional 
capacity  (13  and  14).  The  suggestion  is  obvious  that  the  production 
of  bile  pigments  is  in  part  due  to  the  fimctional  activity  of  the  liver  and 
not  solely  to  the  hemoglobin  destruction.  In  this  manner  were  we 
lead  into  a  study  of  bile  secretion  and  its  many  difEcult  problems. 

An  immense  amount  of  work  has  been  done  upon  the  secretion  of 
bile,  and  it  is  f  lir  to  say  that  most  of  it  was  not  done  in  a  critical  spirit 
but  apparently  with  the  idea  of  proving  that  some  one  or  more  sub- 
stances were  cholagogues.  Stadelmann  (7  and  8)  and  his  co-workers 
are  among  the  few  who  emphasize  the  normal  variations  in  bile  flow  in 
dogs  and  the  extreme  care  necessary  in  drawing  any  conclusions  from 
small  fluctuations  in  bile  excretion.  Their  experimental  observations 
are  carefully  made,  suitable  controls  are  furnished,  and  great  care  is 
used  in  the  analysis  of  figures.  Their  work  is  to  be  recommended  as 
an  example  for  all  workers  in  this  difficult  field. 

"Bile  circulation"  has  been  definitely  established — Stadelmann  (9). 
This  means  that  the  bile  salts  are  poured  into  the  intestine,  partially 
absorbed  from  it  and  again  excreted  in  the  bile.  This  fact  comes  in 
with  the  observation  that  bile  or  bile  salts  are  active  cholagogues,  in 
fact  the  only  substances  upon  which  there  is  agreement  among  experi- 
mental workers.  Among  the  dozens  of  other  drugs  used  as  cholagogues 
one  can  pick  out  any  single  drug  and  find  in  the  literature  several  workers 
who  claim  to  show  that  it  is  a  cholagogue  and  again  the  same  number 
who  claim  as  proven  from  their  work  that  it  has  no  cholagogue  action. 
Almost  all  of  the  conservative  workers  agree  that  whole  bile  or  bile 
salts  alone  give  definite  acceleration  to  the  flow  of  bile. 

"Bile  circulation"  for  the  bile  pigments  has  been  claimed  but  never 
demonstrated.  Stadelmann  (9)  says  that  a  very  small  amount  of 
bile  pigment  may  be  absorbed  from  the  intestine  but  there  is  no  definite 
proof  for  this,  and  he  leaves  the  question  open.  There  is  no  question 
that  the  liver  can  pick  bile  out  of  the  circulating  blood  and  rapidly 
excrete  it  through  the  gall  ducts.  This  applies  to  foreign  bile  as 
Wertheimer  (10)  showed  by  means  of  sheep's  bile  injected  into  dogs. 
This,  however,  does  not  prove  that  bile  pigments  can  be  absorbed  from 
the  intestine  and  excreted  again  in  the  bile  as  is  assumed  by  some  writers. 
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Hemoglobin  injected  into  the  blood  stream,  peritoneum  or  sub- 
cutaneous tissues  will  cause  a  rise  in  bile  pigment  output  from  the 
liver.  Stadelmann  and  his  pupils  submit  the  best  experiments  on 
this  point,  but  they  do  not  claim  that  it  is  quantitatively  eliminated 
as  do  I'rugsch  and  Yoshimoto.  The  pubhshed  data  of  Jinigsch  and 
Yoshiraoto  (2),  Brugsch  and  Kawashima  (3)  do  not  establish  their 
claims  that  hcmatin  is  quantitatively  eliminated  as  bile  pigment.  But 
grant  for  the  sake  of  argument  that  hematin  is  quantitatively  elimi- 
nated as  bile  pigment,  one  is  surprised  at  their  argument  therefrom 
that  hemoglobin  is  the  source  of  the  bile  pigment,  and  from  the  bile 
pigment  one  can  compute  the  life  cycle  of  the  red  cells !  There  may  be 
a  dozen  substances  which  may  be  quantitatively  or  partially  changed 
into  bile  pigments  or  the  liver  cells  may  be  capable  of  building  up  bile 
pigments  from  various  "building  stones." 

Some  work  has  been  done  upon  the  bile  pigment  excretion  as  influenced 
by  the  injection  of  hemoglobin,  bile  and  bile  pigments,  also  various 
poisons  known  to  injure  the  liver  or  destroy  red  blood  cells  (Stadel- 
mann, Brugsch,  Wertheimer,  etc.).  So  far  as  we  know  no  worker  has 
followed  the  curve  of  bile  pigment  excretion  with  suitable  control  of 
general  coodition  and  weight  of  dog,  hemoglobin  estimation  and  red 
cell  counts,  the  presence  or  absence  of  pigments  in  the  urine  and  above 
all,  the  diet.  For  the  present  we  shall  confine  our  attention  to  the  bile 
pigment  output  with  occasional  notes  concerning  the  volume  of  bile 
flow. 

At  the  beginning  of  this  work  about  three  years  ago  it  seemed  quite 
necessary  that  the  bile  fistula  dogs  should  be  maintained  as  near  to  a 
normal  healthy  condition  as  possible.  Considerable  time  was  spent 
upon  this  point,  and  every  sort  of  ration  was  tried  out,  mixtures  given 
with  fresh  bile  and  dried  bile,  raw  liver  and  cooked  liver,  raw  and  cooked 
meat,  milk,  raw  eggs,  butter,  fats,  etc.  We  do  not  wish  to  dwell 
upon  negative  results,  but  will  give  only  a  re\new  of  our  positive  results. 

We  are  convinced  from  our  work  that  bile  is  a  necessary  life  factor 
for  a  dog  fed  upon  any  common  mixed  diet.  There  are  statements 
in  the  literature  Albu  (1),  Ransom  (6)  that  bile  secretion  is  not  essential 
to  health  in  man,  but  we  are  sceptical  of  such  reports  as  careful  autopsy 
records  are  not  submitted.  We  are  convinced  from  our  series  of  over 
twenty  animals  that  it  must  be  very  unusual  for  a  dog  to  be  able  to 
survive  on  any  ordinary  iliet  if  the  bile  is  coinpletely  excluded  from  the 
intestiile.  In  our  experiments,  the  bile  which  the  animal  may  lick 
from  its  fistula  during  the  night  is  not  able  to  maintain  normal  equilib- 
rium or  anj'thing  approximating  it. 
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We  wish  to  point  out  again  that  the  common  bile  duct  can  reestablish 
its  lumen  after  double  ligation  with  silk  and  resection  of  about  1  cm. 
of  the  duct.  We  have  reported  such  cases  in  another  paper  (11), 
and  note  also  that  this  can  happen  in  a  dog  wil  h  a  bile  fistula.  A  tiny 
fislulous  tract  niaj^  establish  itself  between  the  cut  ends  of  the  common 
duct  and  allow  the  escape  under  pressure  of  a  .small  amount  of  bile  into 
the  duodenum.  One  such  dog  is  included  in  our  series  of  simple  bile 
fistulas.  This  point  must  be  kept  in  mind  and  the  stools  watched  very 
carefully  for  stercobilin  and  at  aiitopsy  a  very  careful  search  made  at 
the  site  of  the  section  of  the  common  bile  duct.  When  a  dog  with  a 
permanent  bile  fistula  on  an  ordinary  diet  holds  his  normal  weight  and 
condition,  we  believe  that  this  possibility  should  be  considered  and 
excluded  or  not  by  examination  of  the  feces.  Only  a  very  small  amount 
of  bile  seeping  into  the  duodenum  is  required  to  completely  chiinge  the 
clinical  picture  of  wasting  and  general  malaise  to  one  of  health  and  activ- 
ity. Study  of  these  repaired  common  ducts  at  autopsy  shows  how 
small  an  amount  of  bile  introduced  at  this  point  is  necessary  for  health. 
Introduction  of  bile  by  stomach  tube,  however,  has  no  such  favorable 
effect. 

Fresh  bile  (pig)  was  tried  in  two  bile  fistula  dogs  with  poor  success. 
It  was  given  once  or  twice  daily  by  stomach  tube.  This  did  not  pre- 
vent the  usual  loss  of  weight  on  a  mixed  diet.  Recently  we  have  had 
better  results  using  fresh  dog's  bile  mixed  with  the  food,  but  some 
animals  will  not  eat  this  mixture,  and  it  does  not  have  permanent 
effects  when  given  once  or  twice  daily  in  25  to  50  cc.  amoimts  by  stomach 
tube. 

Dried  ox  bile  (two  grams  per  day)  was  given  in  capsules  to  many 
of  the  dogs  in  our  earlier  experiments.  This  dried  bile  surely  helps 
maintain  a  normal  condition,  but  as  a  rule  is  not  sufficient  with  a  sim- 
ple mixed  diet,  and  most  of  these  bile  fistula  dogs  died  after  several 
weeks  with  the  familiar  picture  of  emaciation,  intestinal  disturbances, 
including  much  loss  of  blood,  and  stupor.  Dried  ox  bile  cannot  be 
counted  upon  to  replace  in  any  satisfactory  way  the  normal  flow  of  bile, 
but  it  does  some  good  in  some  instances. 

Fresh  pig's  liver  was  tried  as  a  diet  following  quite  a  series  of  un- 
successful bile  fistulas  which  were  fed  bile  in  various  ways.  Marked 
improvement  was  noted  with  fresh  liver  forming  a  part  of  the  diet, 
but  the  dogs  soon  refused  to  eat  the  raw  liver.  Cooked  liver  was  then 
tried  with  the  same  success,  and  we  feel  very  certain  that  bile  fi.stula 
dogs  can  be  kept  in  practically  normal  condition  and  weight  equilibrium 
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on  a  diet  of  cooked  liver  (pig  or  sheep).  This  statement  must  be 
sHghtly  qualified  as  some  dogs  do  not  react  as  well  as  the  majority: 
again  the  dogs'  condition  may  remain  perfect  for  months  with  a  terminal 
loss  of  ground  and  intoxication.  The  diet  used  in  the  majority  of 
experiments  was  the  usual  mixed  diet  of  cooked  meat,  bones,  and  bread 
plus  100  to  200  grams  of  cooked  liver  as  indicated  in  the  charts. 

That  liver  feeding  in  dogs  with  complete  bile  fistulae  is  of  peculiar 
benefit,  and  maj-  maintain  them  in  a  normal  condition  for  weeks  is 
pretty  definitely'  established.  This  liver  feeding  is  more  efficacious 
in  most  cases  than  feeding  fresh  or  dried  bile,  and  is  to  be  considered 
in  the  treatment  of  certain  clinical  cases.  What  particular  chemical 
substance  in  the  liver  is  responsible  for  this  influence  on  the  abnormal 
metabolism  of  bile  fistula  dogs?  We  hope  to  give  an  answer  to  this 
question  in  the  near  future. 

METHODS 

1.  Operation  and  post-operative  care 

The  operative  procedure  and  care  of  the  animals  are  very  important 
factors  in  these  experiments,  and  have  not  been  sufficiently  emphasized 
by  many  workers.  The  object  should  be  to  maintain  the  dog  in  as  neai 
to  perfect  condition  as  possible,  and  this  is  not  easy. 

All  operations  are  done  under  ether-morphia  anaesthesia,  and  strong, 
active,  short-haired  dogs  of  about  thirty  poimds  weight  are  most  suit- 
able. An  incision  is  made  in  the  mid  line,  and  the  gall  bladder  dis- 
sected free  from  the  liver.  The  common  duct  is  freed,  doubly  ligated, 
and  about  1  cm.  between  the  ligatures  is  resected.  The  gall  bladder  is 
then  pulled  through  a  small  stab  wound  in  the  right  rectus  close  to  the 
costal  morgin,  and  fixed  by  silk  sutures  to  the  sheath  of  the  rectus. 
The  stab  wound  should  be  rather  small,  as  a  small  fistula  is  desired. 
The  gall  bladder  is  tiien  opened,  and  a  small  piece  of  rubber  tubing 
about  1  cm.  in  diameter  is  pushed  down  into  its  lumen,  and  fixed  here 
by  two  stay  sutures.  The  median  incision  is  closed  as  usual.  No 
dressings  are  applied,  as  they  only  serve  to  irritate  the  skin,  and  the 
wounds  heal  very  promptly.  The  tube  in  the  gall  bladder  should  be 
removed  on  the  sixth  or  eighth  day,  and  care  should  be  taken  that  the 
tube  drains  freely,  else  a  distinct  icterus  may  result,  and  prolong  con- 
valescence or  actually  render  the  animal  useless  for  further  work.  If 
there  are  no  complications,  the  dog  should  be  in  good  condition  by 
the  third  week,  and  read}'  for  bile  collections  by  the  method  described 
below. 
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A  regular  rovitine  is  very  important  in  the  experiments,  and  is  a  part 
of  the  care  so  necessary  to  keep  the  clogs  in  good  condition.  The 
dogs  are  allowed  to  exercise  in  a  yard  for  about  one-half  hour  in  the 
morning.  They  are  brought  in  for  collection  of  bile  about  10  a.m., 
ami  put  up  in  the  harness  for  a  period  of  six  or  eight  hours,  during  which 
time  specimens  are  removed  every  two  hours.  The  dogs  are  fed 
two  hoiu's  after  the  start  of  the  experiment  each  day.  At  the  end  of  the 
observation  they  are  tiu-ned  into  the  yard  to  exercise  about  one  hour, 
and  then  given  a  heavy  feed  and  locked  in  their  cages.  Dogs  and 
cages  are  kept  verj'  clean,  and  dogs  are  washed  once  or  twice  a  week. 
Collections  are  made  every  week  day,  and  this  is  important,  because 
otherwise  the  fistula  will  narrow  and  obstruct  the  outflow,  jaundice 
will  supervene,  and  the  general  condition  of  the  dog  will  suffer.  Great 
variations  in  the  bile  pigment  output  will  then  occur.  It  is  best  to 
dilate  the  bile  fistula  occasionally  but  very  gently.  On  Simdays  the 
fistulas  are  drained  bj'  a  catheter,  but  no  collections  are  made.  Under 
this  regime,  the  bile  collected  will  be  perfectly  clear,  except  for  an  oc- 
casional small  shread  of  mucus,  and  at  autopsy  the  larger  bile  passages 
will  be  smooth,  pale  and  normal  throughout  except  for  slight  dilatation. 

2.  Collection  of  bile 

A  small  flexible  rubber  tube  about  7  cm.  long  is  passed  into  the  bile 
fistula,  and  should  fit  accurately.  This  tube  passes  through  the  short 
stem  of  a  glass  funnel,  and  is  fixed  firmly  in  it.  This  serves  two  purposes 
— first,  the  fimnel  catches  a  little  mucus  which  oozes  from  the  edge  of 
the  fistula,  and  prevents  its  mixture  with  tne  bile  secretion;  second,  it 
will  show  anj^  escape  of  bile  about  the  tube  which  never  occurs  in  suit- 
able fistulae,  and  serves  to  hold  the  tube  firmly  in  place  in  the  fistula. 
The  glass  funnel  is  held  tight  against  the  abdomen  and  fistula  by  a 
binder  reinforced  by  metal  about  the  fimnel.  The  binder  is  held 
accurately  in  position  by  adhesive  plaster  over  the  dog's  back,  and  a 
small  rubber  bag  is  fixed  to  the  end  of  the  glass  funnel  stem  to  catch 
all  the  bile.  Wide  cloth  and  webbing  strips  are  passed  under  the  thorax 
and  forelegs  to  prevent  the  dog  from  lying  down  on  the  rubber  bag 
and  spoiling  the  collection.  The  dogs  stand  or  sit  on  their  haimches, 
and  doze  quietly  a  good  part  of  the  period  of  collection. 
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3.  Bile  pigment  estimation 

One  cubic  centimeter  of  the  bile  to  be  analyzed  is  added  to  49  cc.  of 
the  following  solution  (ethyl  alcohol  95  per  cent,  100  cc,  nitric  acid 
concentrated,  0.4  cc,  and  hydrochloric  acid  concentrated,  2  cc.) 
and  mixed  in  a  volumetric  flask.  The  flask  is  shaken  thoroughly, 
corked,  and  allowed  to  stand  at  room  temperature  about  eighteen  hours, 
when  the  readings  are  made.  This  solution  turns  bluish  green,  and 
reiches  its  maximum  color  in  twelve  to  eighteen  hours,  and  holds  its 
intensit}^  for  twenty-four  to  forty-eight  hours  or  longer.  The  solution 
is  filtered  through  paper,  and  read  in  a  colorimeter  (Autenrieth-Konigs- 
berger  as  modified  by  Rowntree  and  Geraghty).  The  method  is  very 
simple  and  accurate  to  0.01  mgm.  of  bilirubin.  •■ 

The  bile  pigments  in  the  serum  or  urine  are  estimated  as  follows. 
The  fluid  is  made  alkaline  with  a  saturated  solution  of  sodium  carbon- 
ate and  mixed  with  a  10  per  cent  solution  of  calcium  chloride  giving  a 
voluminous  precipitate  containing  the  bile  pigments.  The  precipitate 
is  thrown  down  and  washed  repeatedly  with  distilled  water  by  use  of  the 
centrifuge.  The  precipitate  is  finallj'  dissolved  in  a  measured  amount 
of  the  nitro-hydrochloric  acid  alcohol  sok  tion,  and  allowed  to  stand 
at  room  temperature  over  night.  The  pigments  are  then  estimated  by 
the  colorimetei. 

For  this  work  it  is  verj'  desirable  to  have  a  permanent  standard  wedge 
for  the  colorimeter,  and  after  many  trials  the  best  result  was  obtained 
as  follows.  A  normal  solution  of  very  pure  copper  suKate  is  treated 
with  a  few  drops  of  a  dilute  waterj'  solution  of  India  ink.  This  sus- 
pension is  not  permanent  unless  fixed  in  some  way.  This  is  accom- 
Ushed  by  a  solution  of  agar-agar  and  gelatin  which  must  be  cleared 
with  great  care.  Equal  parts  of  the  gelatin-agar  solution  and  normal 
copper  sulfate  solution  are  combined  while  still  warm,  and  poured  into 
the  standard  wedge.  The  mixture  of  copper  sulfate,  ink,  and  gelatin- 
agar  when  it  cools  is  permanent,  and  the  wedge  may  be  sealed  with 
vaseline.  Our  standard  wedge  had  been  standardized  against  (a)  pure 
bilirubin  obtained  from  human  gall  stones,  (b)  bilirubin  C.  P.,  Kahl- 
baum,  source  of  bile  unknown,  and  (c)  pure  crystalline  dog  bihrubin. 
A  table  has  been  constructed  so  that  knowing  the  colorimeter  reading 
and  the  amount  of  bile  in  cubic  centimeters,  the  bile  pigment  can  be 
read  oif  directly. 

Table  I  (Dog  16-6)  shows  the  output  of  bile  and  bile  pigments  by 
a  dog  in  good  condition  on  mixed  diet  plus  cooked  liver.     The  bile 
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secretion  varies  in  six  hours  from  a  mininnun  of  42  cc.  to  a  maximum 
of  69  cc.  and  tiic  bile  pigments  from  29  mgm.  to  42  mgm.  The  two 
hour  periods  are  seen  to  vary  greatly,  but  there  is  no  relation  to  food 
which  is  always  given  at  the  end  of  the  first  two  hours.  Bile  is  excluded 
from  the  intestine  and  stcrcobilin  is  ab-sent.  There  are  only  traces  of 
bile  pigment  in  the  urine.  This  bull  dog  was  very  fat  when  operated 
upon,  and  the  initial  loss  of  weight  during  the  first  month  is  in  part 
due  to  this  fact.     It  is  noted  that  bile  fistula  dogs  in  the  best  possible 

TABLE  I 
Normal  dog — mixed  diet  and  liver 


BILE 

URINE 

BILE 

PIOMEXTS 

WEI  OUT 

DOG    16-6* 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

REMARKS 

TOTAL, 
SIX  HOURS 

1-2 

hrs. 

3-4 

hrs. 

5-6 

hrs. 

1-2 
hrs. 

3-4 

hrs. 

5-6 
hrs. 

—>   CO 

pounds 

September  16 

17 

16 

19 

52 

7.4 

9.8 

16.6 

33.8 

trace 

36.5 

R.B.C.  6.632,000:  Hb.  87 
per  cent:  W.B.C.  7,600. 

September  17 

24 

20 

16 

60 

11.7 

10.5 

6.7 

28.9 

0 

36.3 

Stools  clay  colored;  no 
stercobilin. 

September  18 

62 

32.1 

0 

36.0 

September  20 

16 

18 

21 

55 

11.2 

15.8 

9.7 

36.7 

0 

35.5 

September  21 

24 

24 

18 

66 

15.4 

14.0 

13,0 

42.4 

trace 

36.0 

September  22 

September  23 

23 
20 

21 
22 

18 
27 

62 
69 

14.1 
12.5 

13.1 
11.6 

13.4 
12.2 

40.6 
36.3 

0 

-t- 

35.5 
35.8 

Stools  clay  colored:  no 
stercobilin. 

September  24 

13 

25 

19 

57 

6.4 

12.7 

11.4 

30.5 

+ 

35.5 

September  25 

42 

33.0 

trace 

34.5 

.Septembers; 

23 

IS 

14 

55 

13.5 

8.3 

8.1 

29.9 

+ 

34.0 

September  30.  Hb.  98 
per  cent. 

.\verage 

58 

34.4 

'  Bile  fistula  operation  September  2,  1915 
with  morning  meal. 


Usual  mixed  diet  plus  150  grams  boiled  sheep  liver 


condition  will  carry  but  very  little  subcutaneous  fat.  If  the  dog  is 
lean  and  muscular  at  time  of  operation,  it  will  lose  only  a  httle  weight, 
but  if  very  fat,  the  dog  will  lose  several  pounds  after  operation  in  spite 
of  any  care  and  apparent  good  health  uiul  appetite. 

Table  II  (Dog  16-6)  shows  the  same  dog  as  Table  I  two  months 
later  when  in  apparently  excellent  condition.  The  dog  was  fed  a  mixed 
diet  plus  cooked  hver  and  fresh  dog  bile.  It  is  to  be  noted  that  the 
bile  volume  is  much  greater  than  in  Tabic  I  (average  per  six  hours — 
58  cc.)  as  compared  with  the  average  of  96  cc.     We  believe  this  chola- 
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gogue  action  is  vvhoUj'  due  to  the  fresh  bile  feeding.  On  the  other  hand 
the  bile  pigments  are  lower  (average  28.6  mgm.  per  six  hours)  as  com- 
pared with  Table  I  (average  34.4  mgm.  per  six  hours).  This  drop  in 
bile  pigment  output  we  do  not  believe  is  due  to  loss  in  weight,  as  the 
dog  seemed  quite  normal  and  had  a  good  appetite.  We  will  discuss 
this  point  more  in  detail  later. 

The  animal  seemed  normal  in  all  respects  until  December  5,  when 
she  vomited  some  food.  The  next  day  she  developed  muscular  tremors 
and  convulsions  shortly  followed  by  death.     The  intoxications  which 

TABLE  II 
Normal  dog — mixed  diet,  liver  and  bile 


BILE 

UEINE 
TOTAL    BILE 
PIGMENTS. 

WEIGHT 

Dou  16-6* 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

RKMARK8 

BIX  UOUB9 

1-2 
hre. 

3-4 
lira. 

5-6 
hrs. 

31 

1-2 

hrs. 

3-4 
hrs. 

5-6 
hrs. 

31 

p-junda 

November  26 

34 

36 

29 

99 

10.8 

9.6 

9.8 

30.2 

trace 

30.8 

November  27 

102 

27.6 

trace 

30.8 

Stools  clay  colored;  no 
stercobilin. 

November  29 

35 

35 

29 

99 

7.9 

8.6 

8.5 

25.0 

trace 

31.0 

November  30 

35 

26 

27 

88 

10.1 

10.5 

9,5 

30.1 

0 

30.8 

December  1 

30 

31 

33 

94 

12.2 

8.9 

9.0 

30.1 

0 

30.3 

Hemoglobin  108  per 
cent;  beef  heart  diet. 

.\verage 

96 

28.6 

•  Bile  fistula  operation  September  2.  1915.  Death,  intoxication  December  6,  1915.  Usual  mixed 
diet  plus  200  grams  boiled  sheep  liver  with  morning  meal  and  40  cc.  fresh  dog  bile  mixed  with  morning 
meal. 


develop  in  consequence  of  long  standing  bile  fistulas  are  of  great  interest 
but  cannot  be  discussed  at  this  time. 

Autopsy  in  general  is  negative.  Kidneys  and  other  organs  are 
normal.  Liver  is  practically  normal;  no  increase  in  fat.  There  is 
slight  increase  in  the  brownish  color  of  the  liver  cells.  The  bile  passages 
are  all  clean  and  pale  throughout,  even  at  the  lower  part  of  the  fistula 
in  contact  with  the  drainage  tube  when  it  is  in  place.  The  common 
duct  and  the  hepatic  ducts  are  slightly  dilated  and  thickened.  Site 
of  section  of  common  duct  is  obliterated  by  dense  scar  tissue.  The 
duodenal  papilla  is  normal,  and  contains  only  mucus  and  no  bile. 
Bile  is  completely  excluded  from  the  intestine. 
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Table  III  (Dug  15-22)  shows  the  initial  loss  of  weight  following  a 
bile  fistula  from  30.8  pounds  to  24.5  pounds  due  to  the  fact  that  the 
dog  was  quite  fat  when  operated  upon.  The  bile  flow  varies  fiom  66  cc. 
to  97  cc.  per  six  hours  (average  76  cc),  and  the  bile  pigments  from 
20  mgni.  to  32  mgm.  per  six  hours  (average  25.5  ragm.),  but  the  maxima 
and  the  minima  for  bile  flow  and  bile  pigments  do  not  coincide  in  any 
way.  Bile  pigments  are  constantly  present  in  small  amounts  in  the 
urine.     The  usual  hourly  variations  in  secretion  are  noted.     Sterco- 

TABLE  III 
Normal  dog — mixed  diet  and  liver 


Doo  15-22" 


April  21. 


April  22. 
April  23. 

April  26 


April  27. 
April  28. 


Average. 


Amount  in  cubic 
centimeters 


33 


30 


22 


97 


66 


Bile  piRments  in 
nulligrams 


9.1 
11  1 

8.0 


5-6 


11.9 
11  9 


10.1 


UBINE 
TOTAL    BILE 
PIGMENTS, 
8tX  HOT7BS 


26. 


28.1 

31.8 


25.3 


19.8 
20.9 


mgm. 
0.25 


+ 

+ 


0.2 
0.3 


pounds 
27.3 


27.5 
27.0 


25.5 


25.0 
24.5 


April  20,  R.B.C.  3,952,- 
000:  Hb.  94  per  cent: 
W.B.C.  8,000. 

Stoola  clay   colored:   no 

stercobilin. 
R.B.C.  5,824,000;  Hb.   96 

per  cent. 


•  Bile  fiatula  operation  April  2,  1915.  weight  30. S  pounds.    Usual  mixed  diet  plus  100  grams  boiled 
sheep  liver  with  morning  meal. 


biUn  is  absent,  and  bile  presumably  absent  from  the  intestine,  which 
is  to  be  contrasted  with  Table  IV  in  the  same  dog. 

Table  IV  (Dog  15-22)  is  of  considerable  interest  because  the  dog's 
stools  now  contain  some  stercobiUn.  This  period  is  about  four  months 
after  Table  III  observations  of  April.  In  May  it  was  noted  that  the 
dog  had  gained  weight  up  to  his  original  weight  of  30.8  pounds,  and 
was  in  unusual  condition  for  a  bile  fistula  dog  on  a  liver  and  mixed  diet. 
Stercobilin  was  found  in  the  feces  constantly  from  this  time  on,  and 
we  were  forced  to  the  conclusion  that  bj^  means  of  a  small  fistulous 
tract  (as  observed  previously  in  the  dogs  at  autopsy)  a  small  amount 
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of  bile  escaped  into  the  duodenum  when  the  pressure  in  the  common 
(kict  was  elevated. 

From  great  nimabers  of  observations  on  this  dog  and  others  \vitli 
no  bile  escaping  into  the  duodenum  at  any  time,  we  are  convinced  that 
the  collections  from  this  dog,  15-22,  represent  his  total  output  during 
the  periods  of  six  hours,  we  know  that  such  fistulous  tracts  as  this  dog 
must  have  are  very  small  and  tortuous,  and  permit  of  only  small  amount 
of  bile  escaping  even  under  high  pressure.  His  output  (Table  III), 
before  this  fistulous  tract  into  the  duodenum  was  established,  is  practi- 


TABLE  IV 

!^ormal  dog — mixed  diet  and  liver — hile  in  intestine 


BILE 

URINE 
TOTAL    BILE 
PIGMENTS, 
SIX  HOURS 

WEIGHT 

DOG  15-22* 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

REMARKS 

1-2 

hre. 

3-4 
hrs. 

5-6 
hrs. 

e2» 

1-2 

hrs. 

3-4 
hrs 

50 
hrs. 

_    30 

August  17 

.\ugust  18 

.August  19 

August  20 

IS 
U 
17 
16 

16 
11 
14 
17 

18 
18 
16 
15 

52 
43 
47 
48 

10.2 
9.1 
9.2 
9.4 

7.9 
9.0 
8.5 
7.8 

8.6 
9.7 
8.8 
8.6 

26.7 
27.8 
26.5 
25.8 

0 
0 
0 
0 

pounds 
33.3 
33.3 
33.3 
33.3 

Hemoglobin •129  percent 
Stools  contain  stercobilin 

September  15 

September  16 

September  17. .  .. 

September  IS 

27 
23 
IS 

17 
17 
20 

25 
28 
26 

69 
68 
64 

56 

8.3 
9.1 
8.1 

6.3 
8.2 
9.7 

6.8 
10.7 
11.1 

21.4 
28.0 
28.9 

26.7 

0 
0 
0 

0 

33. 

32.8 
33 

33 

R. B.C. 7,848.000:  Hb.  125 
per  cent:  W.B.C.  9,600 

Average 

56 

26.5 

•  Bile  fistula  operation  April  2.  1915.    Usual  mixed  diet  plus  200  grams  cooked  sheep  liver  with 

morning  meal. 

cally  identical  with  that  in  Table  IV,  the  after  period.  His  output  of 
bile  compares  exactly  with  that  of  similar  dogs  with  complete  fistulae, 
shows  the  same  fluctuations  and  the  same  average  output.  When  the 
dog  is  put  up  in  harness  with  a  tube  draining  his  gall  bladder,  it  seems 
almost  certain  that  all  the  bile  escapes  through  this  tube  as  the  flow 
takes  place  by  gravity.  When  the  dog  is  curled  up  in  his  cage  with  his 
bile  fistula  partially  closed  and  compressed  by  his  posture,  much  bile 
escapes  into  the  cage,  and  a  small  amount  escapes  into  the  duodenum 
along  the  path  of  the  resected  and  ligated  common  duct.  This  bile 
is  sufficient  to  maintain  the  dog  in  normal  condition. 
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Table  V  (Dog  15-22)  resembles  in  general  Table  IV,  and  shows  the 
same  constantly  high  hemoglobin  curve.  There  is  a  httle  loss  of  weight, 
but  the  dog  is  in  perfect  condition.  This  table  covers  a  period  of  five 
days  follmcing  a  period  of  four  days  of  sexual  intercourse  and  excite- 
ment, during  which  period  of  over  excitement  the  bile  output  was 
double  normal.  We  have  more  data  on  this  point  which  we  will  report 
later.  These  data  are  given  to  explain  in  part  at  least  the  abnormally 
high  initial  curve  of  pigment  excretion  in  this  dog  with  the  progressive 
fall  during  the  week  (Table  V). 

TABLE  v 

Normal  dog — mixed  diet 


BILE 

UBINE 
BII.E  PIG- 
MENT 

WEIGHT 

DOO  15-22' 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

REMARKS 

TOTAL — 
SIX  HOURS 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

1-2 
bra. 

3-4 
hrs. 

5-6 
hrs. 

1915 

pounds 

November  26  . . . 

1.3 

18 

19 

50 

12.5 

15 

14.5 

42.0 

0 

31.0 

November      11,      hemo- 
globin 121  per  cent. 

November  27 

39 

36.8 

0 

31.3 

Stools  contain  stercobilin 

November  29 

19 

22 

20 

61 

7.0 

16.5 

12.9 

36.4 

0 

31.5 

November  30 

23 

23 

23 

69 

6.2 

7.4 

8.8 

22.4 

trace 

31.3 

Hemoglobin  124  percent 

December  1 

21 

22 

25 

68 

9.4 

10.1 

10.7 

30.2 

0 

31  3 

Average 

57 

33.6 

•  Bile  fistula  operation  .-Vpril  2.  1915.    Mixed  diet  of  meat,  bones,  bread,  and  no  liver. 


Table  VI  (Dog  16-5)  is  a  good  example  of  the  fluctuation  of  the  bile 
pigment  curve  which  maj'  be  foimd  following  a  bile  fistula  operation 
associated  with  icterus  of  a  mild  but  definite  degree.  For  some  reason 
drainage  was  not  good  after  the  operation,  and  for  many  daysafter 
normal  drainage  was  established  we  see  the  wide  fluctuation  in  output 
from  a  minimum  of  18  mgm.  to  a  maximum  of  58  mgni.  The  weight 
remains  constant,  and  the  dog  is  active  and  hungry.  Any  procedure 
taken  up  during  any  such  period  could  give  no  information,  and  would 
only  lead  to  confusion.  We  believe  the  icterus  is  in  part  responsible 
for  these  great  fluctuations  in  bile  pigment  excretion.  Gradually 
the  curve  of  pigment  excretion  becomes  more  uniform  as  seen  in  the 
next  Table  VII. 
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Table  VII  (Dog  16-5)  again  shows  the  cholagogue  action  of  bile 
given  with  the  food  (compare  Table  VI),  and  graduallj-  the  bile  pigment 
excretion  becomes  fairly  uniform. 

One  notes  on  two  days  (October  1  and  5)  that  the  second  period  of 
collection  shows  a  very  small  excretion.  This  is  not  due  to  any  error 
in  collection,  as  the  dog  was  under  constant  observation,  and  we  are 
not  prepared  to  give  a  satisfactory  explanation.     It  has  been  noted 


TABLE  VI 
Post-operative  icterus — mixed  diet  and  liver 


BILE 

CHINE 

Amount 

in  cubic 

Bile  pigments  in 

DOG    16-5* 

centimeters 

milligrams 

PIGMENTS. 

WEIGHT 

RCU.VRK8 

SIX  HOURS 

1-2 

.3-4 

.5-B 

2  r 

1-2 

3-4 

.5-6 

^S 

hrs. 

hrs. 

hrs. 

S° 

hrs. 

hrs. 

hrs. 

^° 

pounds 

•September  15.  .    . 

22 

15 

15 

52 

17.8 

15.3 

16.9 

50.0 

-f-l-l-l- 

30.6 

R.B.C.  5,  472.000:  Hb.  89 
percent;  W.B.C.  8,200: 
definite  jaundice- 

September  16 

20 

15 

20 

55 

21.7 

19.7 

17.2 

58. 6 

-t-t-l-t- 

31.0 

Stools  contain  no  sterco- 
bilin. 

September  17 

22 

15 

24 

61 

13.9 

12.2 

21.1 

47.2 

+-|-f 

31.3 

September  18... 

47 

34.9 

++ 

31.5 

September  20 

19 

9 

11 

39 

22.5 

16.4 

14.5 

53.4 

-f 

30.5 

September  21 

24 

8 

21 

53 

12.7 

4.2 

14.2 

31.1 

-1- 

29.5 

Slight  jaundice 

September  22 

13 

8 

14 

35 

4.3 

.4.0 

9.5 

17.8 

-f 

29.5 

September  23 

7 

17 

24 

48 

2.5 

7.8 

10.8 

21.1 

-1-4- 

29.0 

Stools  contain  no  ster- 
cobilin. 

September  24 

20 

17 

33 

70 

3.1 

5.0 

11.9 

20.0 

++ 

29.0 

September  25 

46 

12.4 

++ 

29.3 

Slight  jaundice. 

September  27 

14 

21 

19 

54 

7.0 

10.6 

9.2 

26.8 

-l-f 

29.8 

September  28 

23 

15 

16 

64 

6.5 

6.1 

6.3 

18.9 

++ 

30.0 

Average 

53 

.32.7 

•Bile  fistula  operation  September  1,   1915.    Usual  mixed  diet  plus  200  grams  boile  I  sheep  liver 
with  morning  meal. 

that  soon  after  operation  (two  weeks)  the  introduction  of  the  rubber 
tube  may  be  followed  by  an  hour  or  more  of  almost  complete  cessation 
of  the  bile  flow.  This  may  be  due  to  a  nervous  reflex  resulting  from 
the  slight  pain  caused  by  the  catheter  in  the  recent  fistula  or  due  to 
the  excitement  of  the  novel  surroundings  and  an  unfamiliar  procedure. 
We  may  be  able  to  give  a  satisfactory  explanation  as  more  observations 
accumulate,  but  at  present  we  believe  such  periods  of  inhibition  of 
flow  majf  be  due  in  part  to  some  nervous  reflex. 
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TABLE  VII 
Slight  icterus — mixed  diet  and  fresh  bile 


BIIE 

URINE 
TOT.iL    BIIE 
PIGMENTS, 
SIX  HOURS 

WEIGHT 

DOO    IJ-S* 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

BEUARK8 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

31 

1-2 
hrs. 

3-4 

hrs. 

5-6 

hrs. 

3l 

September  29 

September  30 

October  I 

October  2         

27 

15 
34 

27 
31 
26 

17 

24 
8 

16, 
10 
21 

23 

20 
36 

20 
25 

25 

67 

59 
78 
62 
63 
66 
72 

8.3 

6.2 
10.7 

9.1 
12.4 
9.8 

4.0 

5.5 
2.9 

6.5 
4.3 
10.3 

9.5 

7.4 
11.3 

8.8 
12.4 
10.1 

21.8 

19.1 
24.9 
29.3 
24.4 
29.1 
30.2 

++ 

++ 
++ 
+  + 
-l-l- 

+4- 
++ 

pouTlds 
30.3 

30.5 
30.5 
30.5 
30.8 
31.0 
30.8 

Stools   contain    no   ater- 
cobilin. 

Slight  jaundice 

October  4 

Octobers 

October  6.. 

October  22— R.B.C. 8,360- 
000:  Hb.   93  per  cent: 
W.B.C.  13,400. 

Average 

67 

25.5 

•  Bile  6stula  operation  September  1, 1915.    Mixed  diet  plus  30  cc.  fresh  dog  bile  with  morning  meal 
and  60  cc.  fresh  dog  bile  with  evening  meal. 


TABLE  VIII 

Poor  condition — ditodenal  ulcer 


April  14. 


April  15. 

April  16. 
April  19. 
April  20. 


Average. 


.\mount  in  cubic 
centimeters 


55 


3-4 


27 


126 


Bile  pigments  in 
milligrams 


17.3 


8.5 
18 
14.6 


10.3 

15.5 
23.1 
16.9 


6.6 

6.8 
28.5 
19.0 


URINE 
TOT.U.  BILE 
PIGMENTS. 
SIX  HOURS 


35.9 


26.1 

30.8 
69.6 
50.5 


42.6 


vtgm. 
0 


0 
0.7 
0.5 


pounds 
42 

41.5 

41.0 
39.5 
39.3 


REMARKS 


Aprils,  R.B.C.  5,776,000: 
Hb.90  percent:  W.B.C. 
7,200. 

Stools  contain  no  ster- 
cobilin. 

Slight  jaundice. 

R.B.C.  5,  408,000:  W.B.C. 

7,000.    Stools     contain 

no  stercobilin. 


•  Bile  fistula  operation  March  24,  1915.    Death  April  28.    Usual  mixed  diet  plus  200  grams  boiled 
sheep  liver  with  morning  meal. 
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Table  VIII  (Dog  15-16)  shows  a  good  example  of  a  dog  which  lost 
ground  steadily  after  the  operation  in  spite  of  careful  feeding  and  every 
attention.  His  bile  output  is  fairly  constant,  but  the  bile  pigment 
secretion  varies  from  26  to  70  mgm.  per  six  hours.  He  developed  a 
slight  grade  of  icterus  and  lost  all  appetite.  He  was  sacrificed  because 
of  poor  general  condition. 

Autopsy  gave  the  following  information.  Liver  .seemed  normal  in 
gross,  but  under  the  microscope;  showed  a  little  fatty  degeneration. 
Bile  passages  all  normal,  and  bile  completely  excluded  from  duodenum. 
Large  duodenal  ulcer  (1.5  by  1  cm.)  about  3  cm.  below  pylorus  extending 
deep  into  muscular  coats  gives  no  evidence  of  hemorrhage.  Prostate 
is  huge.  Microscope  shows  the  common  cyst  adenoma  of  the  gland. 
The  dog  was  quite  old.  The  old  age  and  the  duodenal  ulcer  may  be 
in  part  responsible  for  the  rapid  failure  of  this  dog  after  the  bile  fistula 
operation.  However,  he  showed  some  signs  of  the  characteristic  intox- 
icacion  which- so  frequently  carries  off  the  animals. 

DISCUSSION 

A  study  of  the  above  tables  will  emphasize  the  point  which  Stadel- 
mann  insists  upon  with  so  much  justice,  namely,  the  normal  flow  of 
bile  from  a  bile  fistula  dog  is  subject  to  wide  fluctuations,  which  cannot 
at  present  be  explained.  This  includes  fluctuation  in  the  total  output 
and  the  bile  pigment  secretion,  but  it  is  to  be  noted  that  these  maxima 
do  not  coincide.  A  low  output  of  bile  may  contain  a  high  total  bile 
pigment  content  and  vice  versa.  Stadelmann  points  out  the  fact  that 
bile  pigment  and  bile  salt  secretion  have  no  relation,  luid  he  argues 
from  this  that  the  function  of  the  liver  cell  is  douhl(>  and  quite  inde- 
pendent in  these  two  respects.  With  this  point  in  mind,  it  is  obvious 
that  one  must  be  very  careful  in  analysis  of  any  observations  on  bile 
secretion.  Experiments  must  be  repeated  again  and  again,  and  a 
seemingly  unnecessary  nimaber  of  control  observations  must  be  re- 
corded before  and  after  the  actual  experiment.  It  is  seen  in  the  above 
tables  that  with  care  and  proper  food  a  dog  may  have  a  fairly  long 
period  of  relatively  uniform  secretion.  Such  periods  are  most  favor- 
able for  experimental  work. 

We  realize  that  criticism  may  be  offered  against  our  six  hour  period 
of  bile  collection.  Many  of  the  recorded  experiments  of  other  workers 
show  twenty-four  hour  collections  or  even  periods  of  several  days 
during  which  time  the  dog  is  suspended  comfortably  in  a  sling.     Others 


BILK    PIGMENT   OUTPUT  AND    DIET   STUDIES  347 

use  ten  or  twelve  hour  periods  for  several  consecutive  days.  After 
some  observations,  it  seemed  best  in  the  lon;^  run  to  make  shorter 
dailj'  collections  over  many  weeks  or  months,  obtaining  the  bile  every 
day  during  the  same  hom-s,  the  dog  having  a  constant  daily  routine. 
The  dog  can  live  a  pretty  normal  existence,  and,  most  important  of  all, 
can  maintain  a  pretty  constant  bodily  condition  for  a  long  period  of 
time.  Such  bile  collections  perhaps  represent  more  nearly  the  normal 
flow  as  it  occurs  in  a  normal  dog  under  laboratory  conditions. 

It  will  be  seen  after  a  careful  study  of  the  above  tables  tiiat  these 
bile  fistula  dogs  on  the  mixed  diet  have  a  pretty  imiform  average  excretion 
of  bile  pigments — about  1  mgm.  per  pound  body  weight  per  six  hours. 
Oiu'  animals  are  even  more  constant  in  this  respect  than  those  studied 
by  Stadelmami  and  his  co-workers,  but  our  average  is  practically 
identical  with  their  published  reports.  This  indicates  that  the  method 
used  by  Stadehnann  (spectrophotometric)  gives  the  same  general 
results  as  our  method.  The  figures  given  by  Brugsch,  Kawashima 
and  Yoshimoto  are  about  three  times  as  high  as  those  just  reviewed, 
and  can  scarcely  be  accepted  as  correct. 

SUMMARY 

Our  experiences  with  bile  fistula  dogs  indicate  that  bile  is  essential 
for  the  life  of  the  animal  on  a  mixed  diet  of  meat,  bones,  and  bread. 
If  bile  is  wholly  excluded  from  the  intestinal  tract,  the  dog  loses  ground 
steadily,  shows  intestinal  disorders  accompanied  by  blood  in  the  feces, 
and  usually  within  a  month  dies  with  peculiar  symptoms  of  intoxication. 

Fresh  pig's  bile  given  by  -stomach  tube  and  dried  ox  bile  given  in 
capsules  will  sometimes  improve  the  condition  but  not  to  any  notable 
degree. 

Fresh  dog's  bile  mixed  with  the  food  will  sometimes  give  good  results 
if  the  dog  will  eat  the  mixture.  Given  by  stomach  tube  the  results 
are  not  favorable. 

Cooked  liver  added  to  a  mixed  diet  usually  keeps  the  dog  in  good 
healthy  condition  for  a  long  period  of  time.  At  present  we  are  not 
piepared  to  explain  this  observation,  but  the  fact  may  have  some 
clinical  application. 

Under  very  uniform  conditions  the  bile  pigment  excretion  may  form 
a  pretty  uniform  curve,  and  experimental  variations  under  such  cir- 
cumstances will  have  some  value.  The  usual  average  bile  pigme  it 
excretion  amounts  to  one  miligram  per  pound  body  weight  per  six  hours, 
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but  there  are  some  individual  variations  and  considerable  daily  and 
hourly  variation. 

When  a  dog  is  not  in  good  condition  and  perhaps  is  suffering  from 
icterus  or  cachexia  or  both,  we  may  see  very  groat  fluctuations  in  the 
bile  pigment  excretion  curve.  Experimental  observations  under  such 
conditions  are  worse  than  useless,  and  can  lead  to  no  conclusions  of 
value. 
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The  preceding  paper  shows  the  normal  bile  pigment  secretion  in  dogs 
with  permanent  bile  fistulae.  The  normal  fluctuations  are  obvious, 
and  must  be  taken  into  consideration  in  the  analysis  of  any  experi- 
ments. This  paper  gives  observations  which  make  it  clear  that  the 
curve  of  bile  pigment  secretion  can  be  depressed  below  normal  by  a 
meat  diet,  and  can  be  raised  much  above  normal  by  a  diet  rich  in 
carbohydrates. 

It  seems  that  this  observation  must  dispose  of  the  commonly  ac- 
cepted belief  concerning  the  origin  of  bile  pigments;  namely,  that  they 
can  be  formed  onh'  by  the  breaking  down  of  red  blood  cells.  Can 
one  assume  that  a  carbohydrate  diet  will  cause  the  dissolution  of  a 
small  army  of  red  blood  cells  to  explain  the  fact  that  the  output  of  bile 
pigment  may  be  almost  doubled  in  a  sharp  transition  from  a  meat  diet 
to  a  diet  rich  in  carbohydrates?     This  seems  improbable  to  say  the  least. 

Methods  and  operative  procedures,  care  of  animals  and  collection 
of  bile  have  all  been  described  in  detail  in  the  preceding  paper.  We 
can  not  give  all  our  experimental  data  on  this  diet  question,  but  there 
is  complete  agreement  in  the  fundamental  observation  that  a  dog  will 
show  a  low  bile  pigment  output  on  a  meat  diet  and  a  definite  increase 
(sometimes  100  per  cent  increase)  on  a  diet  rich  in  carbohydrates.  The 
two  following  experiments  are  given  in  considerable  detail,  because 
the  two  dogs  were  under  observation  for  a  long  period  of  time,  in  per- 
fect health,  showed  a  constant  hemoglobin  curve,  and  only  traces  of  bile 
pigment  in  the  urine  at  times.  The  observations  on  a  single  large  dose 
of  carbohydrate  can  be  multiplied  indefinitely,  but  they  confirm  the 
more  difiicult  prolonged  diet  period  experiments  extending  over  weeks. 

The  Tables  A,  B,  and  C  show  that  sugar  by  mouth  will  cause  an 
increase  in  bile  pigment  output  in  a  dog  on  a  meat  diet.  There  is  a 
slight  decrease  in  total  bile  flow  during  this  period. 
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TABLE  A 
Cane  sugar  feeding  increases  bile  pigment  secretion 


BILE 

URINE 
TOTAL 
BILE 
PIGMENTS 
EIGHT 
HOnRS 

WEIGHT 

BEMARKS 

DOO  15-22 

Amount  in  cubic 

centimeters 

Bile  pigmonts  in 
miligrams 

Lean    beef    diet   plus 
200    grams    cooked 
liver 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

October  21 

October  22 

October  23 

October  25 

October  26 

24 
20 

24 
22 
17 

23 
13* 

22 
18 

26 
12 

23 
16 

22 

10.0 
9.2 

13.7 
10.9 
8.0 

1.4 
14.3* 

9.7 
9.3 

13.2 
17.7 

10.9 
7.9 

17.4 

0 
0 

0 

trace 

0 

pouni'i 
32.0 
31.5 

31.8 
32.0 
31.8 

R.  B.C.  7: 640,000:  Hb. 

123  percent:  W.  B.C. 

8600. 
Stools    contain    sterco- 

bilin. 

'  (liven  80  grams  cane  sugar  in  200  cc.  water  by  stomach  tube  at  the  beginning  of  the  third  hour. 

TABLE  B 
Dextrose  feeding  increases  bile  pigment  secretion 


BILE 

URINE 

TOTAL    BILE 

PIGMENTS. 

EIGHT 

HOURS 

WEIGHT 

BEMABKS 

DOO  15-22 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

Lean   beef  diet  plus  200 
grams  cooked  liver 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

1-2 
hrs. 

3^ 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

24 
19 
11 
23 

25 

IS' 

11 
24 

22 
11 
12 
26 

14 

4.3 
4.6 
4.5 

4.1 

4.6 

6.7* 

5.2 

4.8 

5.3 

7.6 
7.6 

4.7 

9.1 

trace 
trace 
trace 
trace 

pound» 
31.5 
31.5 
30.5 
30.8 

Stools  contain  stercobilin 

June  8 

June  9. 

June  10 

'  Given  200  grams  dextrose  in  400  cc.  water  by  stomach  tube  at  beginning  of  third  hour. 

TABLE  C 
Cane  sugar  feeding  increases  bile  pigment  secretion 


BILE 

DBrNE 

TOTAL    BILE 

PIGMENTS, 

EIGHT 

H0UB3 

WEIGHT 

BEMARKS 

DOG  15-22 

.Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

Lean  beef  diet  plus  200 
grams  cooked  liver 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

October  14 

October  15 

October  16 

October  18 

October  19 

22 
2S 
22 
31 
22 

24 
14* 

26 
24 

22 
15 

29 
27 

16 

5.9 
5.6 
11.9 
10.3 
9.2 

10.0 
8.5' 

8.0 
8.5 

11.1 
14.2 

8.5 
10.1 

20.9 

0 
0 
0 

0 
0 

p:>und.i 
32.5 
33.0 
32.8 
32.0 
32.0 

Stools  contain  stercobilin 

•  Given  60  grams  cane  sugar  in  203  cc.  water  by  stomach  tube  at  the  beginning  of  the  third  hour. 
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Tables  D  and  E  show  that  dextrose  given  intravenously  will  also 
cause  a  rise  in  the  bile  pigment  curve  of  excretion,  one  experiment 
on  a  mixed  diet  and  the  second  on  beef  heart  diet.     These  experiments 

TABLE  D 
Dextrose  transfusion  increases  bile  pigment  secretion 


DOo  15-22 


May  18.. 

May  19. 
May  20. . 


May  21. 


Amount  in  cubic 
csntimeters 


24 


24 


5-6 
hrs. 


24 


7-8 
hrs. 


27 


Bile  pigments  in 
milligrams 


hrs. 


5.4 


7.0 


5-6 
hrs. 


12.1 
7.1 


URINE 
TOTAL    BILE 
PIGMENTS, 
SIX  HOURS 


trace 

+ 


pounds 
30.0 


30.5 
31.0 


31.0 


Mixed  diet  plus  200  grams 
cooked  liver 


May  15,  R.B.C.  5,888,000 
Hb.  93  per  cent. 

Stools  contain  sterco- 
cobilin.  May  22,  R.B. 
C.  5.696,000:  Hb.  91 
per  cent. 


•  50  grams  dextrose  in  1000  cc.  0.7  per  cent  salt  solution  given  intravenously  at  beginning  of  third 
hour. 

TABLE  E 
Dextrose  transfusion  increases  bile  pigment  secretion 


BILE 

URINE 
TOTAL     BILE 
PIGMENTS, 
SIX  HOURS 

WEIGHT 

SEMARES 

DOQ  15-22 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

Beef  heart  diet 

1-2 

hrs. 

3-4 

hrs. 

5-6 

hrs. 

7-8 
hrs. 

1-2 

hrs. 

3-4 
hrs. 

5-6 
hrs. 

7-8 
hrs. 

pouruls 

December  13 

32 

23 

27 

7.2 

6.7 

8.5 

0 

31 

December  11,  hemo- 
globin 131  percent. 

December  14 

33 

32 

23 

8.0 

9.4 

8.6 

0 

31.5 

Stools  contain  sterco- 
bilin. 

December  15 

31 

29' 

16 

15 

7.5 

11.5* 

10.6 

8.1 

0 

31.8 

December  16 

23 

22 

23 

14.1 

14.5 

12.2 

0 

31.0 

December  17 

26 

12.7 

0 

30.5 

*  600  cc.  6  per  cent  dextrose  given  intravenously  at  the  beginning  of  the  third  hour. 


show  little  decrease  in  bile  flow,  especially  in  Table  D,  where  the  larger 
amount  of  fluid  (1000  cc.)  was  given  intravenously.  Such  variations, 
however,  come  within  phj-siological  limits,  and  no  importance  is  to  be 
attached  to  them. 
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Table  F  shows  in  a  convincing  way  that  a  meat  diet  gives  a  much 
lower  output  than  a  diet  rich  in  carbohydrates.  The  meat  diet  period 
of  six  days  shows  an  average  output  of  29.1  mgm.  bile  pigment,  which 
is  not  very  low,  as  can  be  seen  in  the  after-period  of  eleven  days  with 
an  average  of  25.6  mgm.  (Table  H).  This  same  dog  at  other  times 
on  a  meat  diet  has  gone  as  low  as  16  mgm.  bile  pigment  output  average 
of  six  days. 

TABLE  F 
Bile  pigment  secretion  on  lean  meal  compared  with  carbohydrate  diet 


BILE 

ORISE 
TOTAL    BILE 
PIGMENTS. 
SIX  BOCHS 

WEIGHT 

BEMARE8 

uoo  15-22 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

Boiled  lean  meat  diet 

1-2 
hrs. 

3-4 
hrs. 

5-6 
lirs. 

si 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

3l 
e2° 

1916 
October  25 

October  26 

October  27 

October  28 

October  29 

October  30 

22 

17 
20 
18 
20 

22 

18 
18 
17 
21 

23 

16 
19 
21 
26 

67 

51 
67 
56 
67 
56 

10.9 

8.0 
6.1 
9.0 
9.5 

9.7 

9.3 
9.8 
9.6 
11.3 

10.9 

7.9 
8.1 
12.0 
11.1 

31.5 

25.2 
24.0 
30.6 
31.9 
31.5 

trace 

0 

trace 

trace 

trace 

+ 

pounds 
32 

31.8 
31.8 
31.5 
31.8 
31.0 

October22.R.B.C.  7.640.- 
000  Hb.  123  per  cent. 

stools     contain     sterco- 
bilin. 

Average 

■ 

59 

29.1 

Change 

from  lean  meat  diet  to  bread,  mi 

Ik  and  bones 

November  1 

15 

16 

18 

49 

13.5 

15.1 

16. 

44.6 

trace 

31.5 

Stools  contain  stercobilin . 

November  3 

16 

18 

20 

54 

14.4 

17.1 

16.7 

48.2 

trace 

31.8 

October  25.  Hb.  123  per 
cent. 

November  4 

17 

23 

20 

60 

16.0 

19.1 

16.3 

51.4 

trace 

31.8 

November  5 

15 

20 

19 

54 

13.5 

13.5 

13.3 

40.3 

trace 

32.0 

November  6 

45 

41.5 

trace 

31.8 

Average 

52 

45.2 

The  sharp  transition  to  the  diet  of  bread,  milk  and  bones  gives  a 
great  rise  to  an  average  of  45.2  mgm.  bile  pigment,  an  increase  of  over 
50  per  cent  bile  pigment  elimination.  There  is  a  1  rifling  decrease  in 
average  bile  flow  from  59  cc.  to  52  cc. 

Table  G  shows  that  a  continuation  of  the  bread,  milk,  and  bone 
diet  does  not  maintain  the  bile  pigment  output  at  the  maximum  of 
45.2  mgm.  of  the  previous  week,  but  the  average  is  39.7  mgm.  bile  pig- 
ment.    This  same  fact  is  noted  in  another  dog  (Table  K),  and  there  is 
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a  tendencj-  for  the  high  bile  pigment  curve  of  a  carbohydrate  diet  to 
approach  the  mean  curve  of  a  mixed  diet.  Also  there  is  the  same  tend- 
ency for  the  low  bile  pigment  curve  of  a  meat  diet  to  approach  the  mean 
curve  of  a  mixed  diet.  This  applies  particularly  to  dogs  kept  for  several 
weeks  on  a  meat  diet  or  a  carbohydrate  diet.  The  meat  diet  dog  may 
show  periods  of  rise  in  bile  pigment  output  close  to  the  mean  curve  of  a 

T.\BLE   G 
Bile  jrigmenl  secretion  on  carbohydrate  diet  and  fat 


BILB 

URINE 
TOT.VL    BILE 
PIGMENTS, 
SIX  HOURS 

WEIGHT 

REMARKS 

noo  15-22 

Amount  in  cubic 
centimeters 

Bila  pigments  in 
milligrams 

Diet  of  bread,  milk, 
bones 

1-2 

hrs. 

hrs. 

5-6 
bra. 

1-2 
hra. 

3-4 
hrs. 

5-6 
hrs. 

P. 

pou  nds 

November  8 

17 

20 

24 

61 

11.9 

13.6 

12.7 

38.2 

0 

31.3 

November    9 

19 

23 

21 

63 

13.3 

14.2 

12.8 

40  3 

0 

31.3 

November  10 

23 

21 

23 

72 

8.0 

9  2 

12.4 

29.6 

trace 

31.3 

November  11 

28 

26 

25 

79 

11.1 

11.4 

10.5 

33.0 

trace 

31.5 

Hemoglobin  121  per 

cent 

November  12 

16 

23 

22 

61 

12.6 

13.2 

12.6 

38.4 

trace 

31.3 

November  13 

55 

42.5 

trace 

31.3 

November  15 

14 

23 

21 

58 

14.5 

13.2 

14.4 

42.1 

0 

31.0 

November  16 

18 

23 

20 

61 

15.0 

18.2 

12.6 

45.8 

trace 

31.5 

November  17 

20 

19 

23 

62 

16.7 

15.8 

15.2 

47.7 
39.7 

trace 

31.3 

.\verage 

64 

Same  diet  pi 

US  100  cc.  cotton  seed  oil  with  inorning  and  evening  feeding 

November  18 

November  19 

November  20 

13 
24 

18 
23 

19 
19 

50 
66 
63 

15.2 
10.8 

16.6 
11.1 

16.2 
9.6 

48.0 
31.5 
27.8 

0 
0 
0 

31.5 
31.8 
31.5 

November      30,      hemo- 
globin 124  per  cent. 

Average 

60 

35.7 

mixed  diet.  The  diet  rich  in  carbohydrate  maj'  give  a  verj'  high 
initial  curve  (perhaps  double  normal),  which  is  apt  to  fall  dining 
succeeding  weeks,  but  always  remains  somewhat  above  the  mean  curve. 
Cotton  seed  oil  fed  with  tliis  bread,  milk,  bone  diet  is  associated 
with  a  slight  drop  in  bile  pigment  elimination,  but  another  dog  (Table  K) 
gives  negative  results.  We  hope  to  do  much  more  work  with  various 
fats  and  hpoids. 
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Table  H  shows  the  after-period  on  a  beef  heart  diet  with  an  average 
output  of  25.6  mgm.  bile  pigment.  The  flow  of  bile  is  somewhat 
increased  on  this  diet  from  60  cc.  to  83  cc.  per  six  hours. 

The  importance  of  these  observations  (Tables  F,  G,  H)  lies  in  part 
in  the  fact  that  this  dog  was  under  constant  observation  with  dailj' 
collections  of  bile  for  a  period  of  about  eight  weeks  in  perfect  health 
with  uniform  hemoglobin  curve.  The  deduction  to  be  drawn  from 
changes  in  diet  under  such  uniform  conditions  will  be  of  value,  and  the 
sequence  of  events  is  not  to  be  lost  sight  of:  (1)  Meat  diet  and  low 

T.\BLE   11 
Bile  pigment  secretion  on  beef  heart  diet 


BILE 

DHIXE 

TOTAL    BILE 

PIGMENTS 

SIX  HODBS 

WEIGHT 

DOO  15-22 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

BEUVRKS 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

5l 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

1- 

December  2 

December  3 

December  4 

December  6 

December  7 

December  8 

December  9 

December  10 

December  11 

December  13 

December  14 

39 

25 

24 
27 
34 
38 
33 

32 
33 

27 
26 

21 

28 
33 
28 
35 

23 
32 

28 

28 

22 
31 
24 
26 
24 

27 
23 

94 

79 
79 
67 
86 
91 
92 
92 
64 
82 
88 

7.8 

8.3 

9.5 
8.3 
5.4 
5.1 
7.3 

7.2 
8.0 

10.3 

8.2 

9.9 
10.1 
10.4 

6.7 
10.9 

6.7 
9.4 

9.9 

8.1 

7.7 
12.3 
8.3 
7,6 
8.5 

8.5 
S.6 

28.0 

24.6 
24.9 
27.1 
.30.7 
24.1 
19.4 
26.7 
28.2 
22.4 
26.0 

trace 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

pounds 
32.0 

32.2 
31.3 
31.0 
31.5 
31.8 
31.8 
31.8 
31.5 
31.0 
31.5 

November      30,      hemo- 
globin 124  per  cent. 

Stools  contain  stercobilin 

Hemoglobin  131  percent 
Stools  contain  stercoblin. 

Average 

83 

25.6 

bile  pigment  ehmination:  (2)  bread,  milk,  bone  diet  and  very  high 
bile  pigment  curve:  (3)  second  period  of  bread,  milk,  bone  diet  and 
constant  high  pigment  curve;  (4)  same  diet  with  oil  shows  slight  fall 
in  bile  pigment  curve:  (5)  end  period  of  beef  heart  diet  with  low  bile 
pigment  elimination  (see  table  M). 

Table  J  confirms  the  observations  in  Table  F,  but  the  change  here 
is  not  so  striking.  On  a  meat  diet  the  dog  put  out  27.7  mgm.  bile 
pigment,  and  on  a  bread,  milk,  bone  diet  eliminated  37.5  mgm.  bile 
pigment.     It  is  to  be  noted  that  this  dog  was  losing  weight  during  tliis 
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period,  but   seemed  in  good   hcnlth,   and   tiio  heiiioglf)hiii   curve  was 
uniform. 

Table  K  shows  a  slight  fall  during  the  second  week  of  carbohydrate 
feeding,  but  it  remains  above  the  meat  diet  period,  and  shows  no  de- 
pression as  the  result  of  adding  cotton  seed  oil  to  the  same  diet. 

TABLE  J 
Bile   pigment  secretion   on   lean   meal   compared    with   carbohydrate  diet 


BILE 

URINE 

TOTAL    BILE 

PIQMEXTS 

BIX  HOURS 

WEIGHT 

REMARKS 

vor,  16-6 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
milligrams 

Boiled    lean    meat    diet 
plus  200  grams  boiled 
liver 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

1-2 
hre. 

3-4 
hrs. 

5-6 
hrs. 

1' 

October  25 

c  )ctober  26 

October  27 

October  28 

October  29 

October  30 

30 

26 
25 

21 
25 

27 

25 
24 

20 
23 

22 

27 
23 

21 

16 

79 

78 
72 

62 
64 
54 

10.8 

7.6 
7.3 

10.0 
10.1 

10.3 

7.7 
7.9 

8.3 
10.4 

9.7 

8.9 
9.6 

10.6 
9.4 

30.2 

24.2 
24.8 

28.9 
29.9 
27.8 

0 

0 

0 

trace 
0 
0 

pounds 
34.5 

34.0 
33.8 

33.3 
33.0 
32.5 

October22,  R.B.C.  7,640.- 
000;  Hh.  105  per  cent: 
W.  B.  C.  8,600. 

Stools  contain  no  sterco- 
bilin. 

Hemoglobin  103  percent 

Average 

68 

27.7 

Change  from  lean  meat  diet  to  bread,  milk  and  bones 


November  1. . 

November  3.. 
November  4,, 
November  5. 
November  6 


Average. . 


16 

18 

20 

54 

10.8 

13.8 

11  9 

36.5 

17 

18 

20 

55 

13.4 

11.3 

15.0 

39.7 

22 

20 

22 

64 
54 
66 

59 

12.9 

13.2 

13.1 

39.2 
37.8 
34.1 

37.5 

0 

0 

0 
trace 
trace 


31.5 

31.5 
31.0 
30.8 
30.8 


October  30,    hemoglobin 
103  per  cent. 


Stool  contain   no  sterco- 
bilin. 


The  after-period  (Table  L)  is  unsatisfactory  because  rather  too  short 
as  a  result  of  the  death  of  the  dog.  She  was  apparently  in  perfect 
health  December  4,  and  it  is  proper  to  include  this  reading  in  the  table. 
The  next  day  she  refused  food,  and  vomited  once,  but  did  not  appear 
sick.  On  December  6  she  died  with  peculiar  symptoms  of  intoxication, 
and  the  autopsy  abstract  is  giv(>n  in  the  preceding  paper  (following 
Table  II~Dog  16-6). 
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TABLE  K 
Bile  pigment  secretion  on  carbohydrate  diet  and  fat 


BILE 

tlBINE 

TOTAL    BILE 

PI(1UENT8 

SIX  nouns 

WEIGHT 

BEMAKKB 

DOG   16-6 

Amount  in  cubic 
ceptimeters 

BUe  pic;ments  in 
milligrams 

Bread,    milk    and    bone 

diet    plus    200    grams 

1-2 
hrs. 

3-4 
hrs. 

6-6 
hrs. 

1; 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

31 
e2" 

boiled  liver 

pounds 

November  15 

23 

31 

29 

83 

9.3 

10.3 

10.3 

29.9 

trace 

31.5 

October  30,  hemoglobin 
103  per  cent. 

November  16..... 

30 

31 

29 

90 

10.0 

11.7 

10.3 

32.0 

trace 

32.0 

November  17 

22 

28 

35 

85 

9.7 

13.0 

8.6 

31.3 

trace 

32.3 

Stools  contain  no  ster- 
cobilin. 

Average 

86 

31.1 

Same  diet  plvs  100  cc.  cotton  seed  oil  with  morning  and  evening  feeding 


November  18 

28 

27 

30 

85 

10.5 

8.4 

8.8 

27.7 

trace 

32.5 

November  19 

35 

33 

35 

103 

14.8 

8.8 

8.7 

32.3 

trace 

32.5 

November  20 

112 

30.2 

0 

32.5 

November  22 

18 

28 

34 

80 

11.9 

12.4 

12.1 

36.4 

trace 

31.0 

November  23 

29 

22 

34 

85 

10.3 

10.0 

9.8 

30.1 

trace 

31.8 

November  24 

35 

23 

31 

89 

11.0 

12.2 

10.5 

33.7 

trace 

31.3 

December  1,  hemoglobin 
108  per  cent. 

Average 

92 

31.7 

TABLE  L 
Bile  pigment  secretion  on  beef  heart  diet 


BILE 

TJBINE 

TOTVL    BITE 

PiOUENTS 

SIX  HOURS 

WEIGHT 

BEUABKS 

DOG    16-6 

Amount  in  cubic 
centimeters 

Bile  pigments  in 
millimeters 

Boiled    beef    heart    diet 
plus  200  grams  boiled 
liver 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

1-2 
hrs. 

3-4 
hrs. 

5-6 
hrs. 

1^ 

December  1 

December  2 

December  3 

December  4 

30 
35 
36 

31 
39 
35 

34 
30 
31 

95 
104 
102 
112 

12.2 
7.8 
7.3 

9,0 
9.9 
7.8 

9.0 
8.1 
6.9 

30.2 
25.8 
22.0 
17.6 

0 
0 
0 
0 

pounds 
30.3 
30.0 
30.8 
31.3 

Hemoglobin  108  percent 

Average 

103 

23.9 

BILE    PIGMENT   OUTPUT   INFLUENCED    BY   DIET 
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T.\BT.E  M 
Average  readings  front  above  tables 


DOG 

LEAN 
MEAT  DIET 

BBEAD, 
MILK,     BONE 

BREAD, 
MILK,    BONE 

DIET   PLUS 
OIL 

BEEP  HEART 
DIET 

REMARks 

Bile 

Bile 
pig- 
ment 

Bile 

Bile 
pig- 
ment 

Bile 

Bile 
pig- 
ment 

Bile 
pig- 
ment 

Bile 
pig- 
ment 

Dog  15-22 

ce. 
59 

29.1 

cc. 
52 

45.2 

cc. 

cc. 

Average  per  6  hours 

64 

39.7 

60 

35.7 

83 

25.6 

Weight,  32  pounds 

Dog  16-6     

68 

27.7 

59 

37.5 

Average  per  six  hours 

86 

31.1 

92 

31.7 

103 

23.9 

Weight,  31  pounds. 

This  table  gives  the  average  readings  of  bile  and  bile  pigment  output  during  the  various  diet 
periods.  They  are  arranged  in  the  same  sequence  in  which  the  experiments  were  performed.  For  study 
of  the  details  one  must  refer  to  the  other  tables  which  are  of  greater  interest. 


DISCUSSION 

From  the  above  tabulated  experiments  it  is  clear  that  a  diet  rich 
in  carbohydrates  or  sugar  by  mouth  or  dextrose  intravenously  will 
increase  the  secretion  of  bile  pigments.  We  believe  the  data  are 
sufficient  to  estabhsh  this  as  a  fact,  but  how  may  we  explain  this  in- 
crease in  bile  pigments  following  the  administration  of  a  carbohydrate? 
There  are  numerous  possibilities  which  must  be  tried  out  by  various 
experimental  procedures,  and  we  will  merely  mention  a  few  of  them. 

Sugar  feeding  at  once  suggests  a  storing  of  glycogen  in  the  liver, 
and  its  deposition  in  the  liver  cell  may  accelerate  the  metabolic  activity 
of  the  cell  or  stimulate  it  to  produce  greater  amounts  of  bile  pigments 
than  under  normal  conditions. 

We  must  recognize,  too,  that  a  meat  diet  tends  to  depress  the  bile 
pigment  secretion  below'  the  usual  level  of  a  mixed  diet.  Any  explan- 
ation suggested  to  explain  the  carbohydrate  stimulus  must  also  ex- 
plain the  protein  diet  depression  of  bile  pigment  output.  It  is  possible 
that  a  meat  diet  in  dogs  represents  a  normal  condition,  and  that  the 
low  curve  of  pigment  excretion  on  the  meat  diet  is  the  true  normal 
excretion.  The  rise  on  a  simple  mixed  diet  of  bread  and  meat  may 
then  be  explained  by  the  addition  of  the  carbohydrate  and  the  maximum 
output  on  the  bread,  milk,  bone  diet  as  due  to  a  great  increase  in  the 
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carbohydrate  portion  of  the  diet.  It  will  be  of  considerable  interest  to 
observe  the  bile  pigment  output  on  a  pure  carbohydrate  diet.  This 
is  a  difficult  type  of  experiment  for  a  bile  fistula  dog,  but  it  may  give 
icsults  of  considerable  vilue  when  carried  to  a  successful  termination. 

Here  it  may  be  mentioned  that  we  have  pretty  good  evidence  that 
bile  or  blood  feeding  do  not  greaHj^  increase  the  bile  pigment  output. 
We  hope  to  report  detailed  work  on  this  important  point  in  the  near 
future. 

When  it  is  suspected  that  the  hver  can  form  bile  pigments  out  of 
various  materiils  other  than  hemoglobin,  which  is  so  closely  related 
chemically  to  bile  pigment,  one  first  thinks  of  substances  rich  in  the 
pyrrhole  nucleus.  Bile  pigment  or  blood  feeding  should  give  a  great 
increase  in  bile  pigment  output,  which  is  not  the  fact.  One  must  go 
back  further  in  the  development  of  the  bod\^  pigments  and  ask;  where 
does  the  hemoglobin  come  from?  A  prompt  answer  is  made  that 
hemoglobin  is  formed  in  the  red  cells  in  the  bone  marrow.  But  it 
is  at  least  po.ssiblc  that  these  cells  may  merely  put  the  finishing  touches 
on  this  complex  substance,  which  may  be  built  up  in  great  measure  in 
some  other  tissue.  In  other  words,  there  may  be  a  prehemoglobin 
substance  manufactm-ed  somewhei-e  in  the  body,  perhaps  in  the  liver, 
which  may  be  fixed  by  the  bone  marrow  cells,  and  appear  as  finished 
h(>moglobin.  If  it  can  be  established  that  the  liver  cells  form  any 
such  substance,  a  long  step  will  have  been  made  toward  the  solution 
of  this  complex  question  of  pigment  metabolism. 

SUMMARY 

A  large  dose  of  sugar  by  mouth  will  give  a  constant  reaction  in  a 
healthy  dog  with  a  bile  fistula.  It  will  cause  a  definite  increase  in 
bile  pigment  excretion  over  a  period  of  several  hours. 

The  same  rise  in  the  curve  of  bile  pigment  elimination  follows  intra- 
venous injection  of  dextrose. 

A  mixed  diet  in  a  healthj'  bile  fistula  dog  is  associated  with  a  fairly 
constant  mean  bile  pigment  ehmination. 

A  change  to  a  meat  diet  will  give  a  depression  of  this  average  bile 
pigment  ehmination. 

A  change  to  a  diet  rich  in  carbohydrates  will  give  a  sharp  rise  in 
bile  pigment  output — often  30  to  100  per  cent  increase.  Such  modi- 
fications of  bile  pigment  elimination  may  be  carried  on  indefinitely 
with  a  healthy  animal. 
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.  We  believe  established  the  fact  that  carbohydrates  stimulate  the 
excretion  of  bile  pigments  in  bile  fistula  dogs,  but  a  convincing  explana- 
tion of  this  phenomenon  \vc  can  not  bring  forwaixl  at  ttii>  time.  More 
work  is  required. 

It  seems,  howevre,  that  these  facts  must  overthrow  the  long  accepted 
theoiy  that  bile  pigment  is  formi^d  onl.v  as  a  result  of  the  disintegration 
of  red  blood  ceils. 

It  is  at  least  possible  that  the  liver  has  some  constructive  abihty 
ill  pigment  formation  which  can  bo  modified  by  diet.  It  is  also  possible 
that  the  livcT  may  be  ooncc^neil  in  building  up  other  body  pigments 
than  bilirubin — for  example,  hemoglobin. 


(Reprinted  from  The  JouRNAt  of  ExPERureNTAL  Medicine,  November  1,  1916. 
Vol.  aiv.  No.  5,  pp.  515-546.) 


STUDIES  ON  THE  BLOOD  PROTEINS. 
I.  The  Serum  Globulins  in  Bacterial  Infection  and  Immunity. 

By  S.  H.  HURWITZ,  M.D.,  and  K.  F.  MEYER. 

{From  The  George  Williams  Hooper  Foundation  for  Medical  Research,  University 
of  California  Medical  School,  San  Francisco.) 

(Received  for  publication,  August  12,  1916.) 
INTRODUCTION. 

For  a  number  of  years  much  study  has  been  devoted  to  the  origin 
and  the  chemical  nature  of  the  antibodies  which  may  develop  within 
the  organism  during  the  course  of  an  infection,  or  which  may  be 
elaborated  within  it  by  the  various  methods  of  immunization.  The 
etTorts  to  establish  the  chemical  identity  of  antibodies  have  naturally 
been  centered  about  a  study  of  the  possible  relationship  subsisting 
between  the  proteins  of  the  blood  and  the  inmiune  bodies  demon- 
strable in  it  by  various  serologic  tests.  A  great  stimulus  to  these 
investigations  has  come  from  the  discovery  of  new  methods  of  sepa- 
rating and  of  chemically  identifying  the  different  fractions  which 
go  to  make  up  the  blood  proteins.  Of  these  additions  to  our  knowl- 
edge the  method,  introduced  by  the  Hofmeister  school,  of  separating 
the  various  protein  constituents  by  fractional  precipitation  with 
different  salts  has,  perhaps,  produced  the  most  far  reaching  results. 

For  some  time  it  has  been  a  well  established  fact  that  diphtheria  antitoxin,  for 
instance,  is  precipitable  from  serum  by  any  precipitants  which  throw  down  the 
globulins.  The  early  observations  of  Brodie  (1),  Seng  (2),  and  Hiss  and  Atkin- 
son (3)  have  been  confirmed  and  extended  by  a  number  of  later  workers  (4). 

Considerable  work  has  been  done  also  to  estabhsh  the  chemical  nature  of 
bacterial  antibodies.  Probably  one  of  the  earliest  contributions  to  this  subject 
was  made  by  Pfeiffer  and  Proskauer  (5),  who  separated  cholera  immune  serum 
into  its  globulin  and  albumin  fractions,  and  showed  that  the  cholera  immune 
bodies  which  give  rise  to  Pfeiffer's  phenomenon  are  present  only  in  the  globulin 
fraction.  This  important  study  was  later  amplified  by  the  classical  experiments 
of  Pick  (6),  who  demonstrated  conclusively  that  cholera  and  tj'phoid  agglutinins 
also  occur  in  one  or  another  of  the  globulin  fractions  depending  upon  the  species 
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of  animal  employed  for  immunization  and  the  nature  of  the  antibody  studied. 
To  these  observations  should  be  added  those  of  Rodhain  (7)  and  of  Moll  (8). 
According  to  the  work  of  Rodhain,  the  immune  bodies  of  antistrcptococcus 
serum  occur  in  the  euglobulin  fraction;  and  according  to  Moll,  the  development 
of  precipitins  following  immunization  with  a  foreign  protein  is  also  associated 
with  a  rise  in  the  serum  globulins  of  the  immunized  animal. 

The  above  observations  have  been  variously  interpreted  by  differ- 
ent investigators.  Whereas  some  workers  strongly  incline  to  the 
view  that  the  antibodies  in  question  are  a  form  of  blood  globulin, 
others  entertain  the  possibility  that  the  antibody,  by  analogy  with 
bacterial  poisons,  enzymes,  and  similar  bodies,  is  mechanically 
carried  down  by  the  precipitate  of  globulin. 

We  believed  that  the  only  satisfactory  method  of  procuring  re- 
liable data  on  the  globulin-antibody  problem  was  to  make  quantita- 
tive estimations  of  the  immune  bodies  and  of  the  blood  proteins, 
not  at  random  periods  during  the  experiment,  but  at  frequent  and 
well  timed  intervals  during  the  process  of  immunization.  In  this 
way  alone  is  it  possible  to  determine  whether  an  increase  in  the 
antibodies  and  in  the  globuHns  parallels  one  another,  or  whether 
either  the  globulin  content  or  the  concentration  of  immune  bodies 
may  increase  independently  of  one  another. 

Methods. 

Healthy  Belgian  hares  kept  under  constant  conditions  of  diet  and  activity 
were  used  for  all  the  experiments.  The  animals  were  fed  once  daily,  the  diet 
consisting  of  alfalfa  hay,  toasted  bread,  oats,  and  at  times  small  amounts  of 
cabbage.     All  were  allowed  a  liberal  amount  of  water. 

Oblaining  Blood. — Specimens  of  blood,  varying  in  amoimts  from  5  to  7  cc.  were 
obtained  from  fresh  incisions  made  in  the  ear  vein.  In  all  instances  the  use  of 
local  applications  of  xylol  or  other  substances  that  might  cause  stasis  was  avoided. 
At  times  the  presence  of  a  low  blood  pressure  made  bleeding  difTicult,  but  in 
such  cases  a  free  fiow  of  blood  was  obtained  by  suspending  the  rabbit  by  its  hind 
legs.  The  blood  obtained  in  small  sterile  tubes  was  immediately  centrifugalized 
in  order  to  obtain  a  clear  serum.  Separation  of  the  serum  from  the  clot  was 
efifected  as  soon  as  possible,  for  as  will  be  shown  later,  serum  allowed  to  remain 
in  contact  with  the  clot  is  not  suitable  for  accurate  determinations  of  the  proteins. 
The  specimens  before  use  were  kept  in  sterile,  stoppered  vials  in  the  refrigerator. 

Tests  for  Agglutination. — The  antigen  used  for  the  agglutination  tests  con- 
sisted of  a  24  hour  carbolized  or  formalinized  Liebig's  or  rabbit  broth  cul- 
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ture,  which  had  been  properly  controlled  by  tests  with  immune  sera  of  known 
antibody  content.  To  a  series  of  tubes  containing  the  clear,  untreated  serum 
in  amounts  ranging  from  0.1  cc.  to  0.00005  cc.  was  added  1  cc.  of  antigen.  After 
incubating  the  mixtures  for  2  hours  at  37°  C.  or  at  room  temperature  for  12 
hours  readings  were  made.  The  final  readings  were  always  made  after  the 
lapse  of  12  or  14  hours.  The  highest  dilution  of  the  serum  in  which  complete 
agglutination  occurred  was  taken  to  represent  the  agglutination  titer  of  that 
serum,  and  only  these  readings  are  recorded  in  the  tables. 

Tests  for  Complement  Fixation.  Antigens. — Cultures  of  the  various  organisms 
grown  upon  lemco  broth'  tor  18  to  20  hours'  were  found  to  be  most  suitable  for 
this  purpose.  They  were  killed  by  heating  for  J  hour  at  60°C.,  and  preserved 
with  0.5  per  cent  carbolic  acid  and  1  per  cent  glycerol.  When  kept  in  the  refrig- 
erator and  protected  from  the  light  such  antigens  may  be  ready  for  use  after 
a  period  of  2  months.  Some,  however,  may  become  anticomplementary  after 
a  period  of  4  weeks,  and  these  must  be  discarded. 

The  dose  of  antigen  employed  was  four  times  the  antigenic  unit  as  deter- 
mined by  preliminary  titrations  of  the  antigen  with  a  standard  amount  of  im- 
mune serum;  either  0.1  or  0.2  cc.  This  dose  was  at  least  one-quarter  to  one-fifth 
of  the  anticomplementary  unit  as  determined  by  repeated  titrations.  The  range 
of  the  specific  antigenic  properties  of  each  antigen  was  further  controOed  by 
tests  with  sera  of  known  antibody  content. 

Sera. — Dilutions  of  inactivated  serum  (62°C.  for  30  minutes)  in  descending 
doses  from  0.2  to  0.003  cc.  were  used.  In  selecting  such  dilutions  it  fre- 
quently occurred  that  the  gradations  were  not  well  chosen.  This  made  it  diffi- 
cult to  express  the  results  absolutely  in  terms  of  the  highest  dilution  of  serum 
which  gave  definite  fixation.  For  this  reason  the  signs  >  <  are  employed.  Thus 
the  notation  >  0.005  indicates  that  complete  fixation  of  the  complement  would 
probably  have  occurred  in  a  serimi  dilution  of  0.004  or  0.003  cc,  since  in  a  dilu- 
tion of  0.002  cc.  of  the  serum  only  SO  per  cent  fixation  was  obtained.  In  the 
tables  only  those  dilutions  of  the  serum  are  recorded  which  with  the  proper  dose 
of  the  antigen  caused  a  complete  fixation  of  the  complement. 

Hemolytic  System. — The  anti-sheep  hemolytic  system  was  used.  Complement 
was  furnished  by  the  pooled  sera  of  several  guinea  pigs,  and  was  employed  in  a 
dosage  of  0.05  cc.  of  a  dilution  of  1  to  4  in  salt  solution.  The  red  corpuscles 
were  used  in  1  per  cent  suspension.  The  hemolytic  unit  was  determined  by  a 
preliminary  test  using  0.05  cc.  of  complement  and  0.5  cc.  of  a  1  per  cent  sus- 
pension of  fresh  sheep  cells.  In  the  titrations  of  the  antigens  as  well  as  for  the 
actual  complement  fixation  tests  two  hemolytic  units  (about  0.2  to  0.1  cc.  of 
a  dilution  of  1  to  100  in  saline  solution)  were  employed. 

'  Eyre,  J.  W.  H.,  The  Elements  of  Bacteriological  Technique;  a  Laboratory 
Guide,  Philadelphia  and  London,  2nd  edition,  1913,  163. 

'  Cultures  less  than  18  hours  old  are  frequently  inactive,  and  those  older  than 
24  hours  may  be  anticomplementary  in  doses  of  0.5  cc. 
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Technique. — Preliminary  tests  were  first  made  to  rule  out  any  anticomple- 
mentary activity  of  the  different  antigens  used.  These  were  carried  out  as 
follows:  To  each  of  a  series  of  tubes  containing  decreasing  doses  of  antigen 
diluted  with  1.5  cc.  of  isotonic  salt  solution  was  added  0.05  cc.  of  compkincnt  in 
a  dilution  of  1  to  4.  The  tubes  were  then  incubated  at  37°  C.  either  in  a  water 
bath  for  i  hour  or  in  an  incubator  for  1  hour.  To  each  tube  was  then  added 
a  previously  prepared  mixture  of  two  units  of  hemolysin  and  0.5  cc.  of  the  cor- 
puscle suspension.  After  mixing  and  incubating  for  1  or  2  hours,  sedimentation 
of  the  red  cells  was  hastened  by  placing  the  tubes  in  the  refrigerator  so  as  to  make 
the  readings  more  precise. 

After  determining  the  dosage  of  antigen  to  be  used  in  the  final  teit,  the  latter 
is  carried  out  in  the  following  manner:  To  each  of  a  series  of  tubes  containing 
the  inactivated  serum  in  descending  doses  is  added  0.05  cc.  of  complement  in 
1.5  cc.  of  saline  solution  followed  by  the  proper  dose  of  antigen.  After  incuba- 
tion for  a  period  of  |  to  1  hour,  the  sensitized  corpuscle  suspension  is  added 
to  each  tube  in  the  dosage  already  given,  the  mixture  reincubated  for  1  or  2 
hours,  and  the  readings  are  made  as  already  indicated. 

The  customary  controls  for  the  serum,  antigen,  and  hemolytic  system  were 
employed. 

Non-specific  fixations  of  the  complement  by  rabbit  sera,  so  frequently  ob- 
served with  bacterial  antigens,  must,  of  course,  be  kept  in  mind.  Such  a  po.ssi- 
bility,  however,  was  ruled  out  by  careful  preliminary  tests  of  the  serum  before 
immunization  with  numerous  antigens,  a  procedure  recommended  by  Kolmer 
and  Trist  (9).  For  various  reasons  it  was  not  possible  to  select  only  those  rab- 
bits whose  sera  showed  at  the  outset  negative  reactions.  But  we  consider  that 
this  is  unnecessary  in  serial  studies,  inasmuch  as  non-specific  fixation  does  not 
interfere  with  specific  deviations  of  the  complement  due  to  the  presence  of  im- 
mune bodies. 

Tests  for  Antistaphylolysin. — The  staphylolysin  used  in  the  tests  was  prepared 
from  a  recently  isolated  strain  of  Staphylococcus  aureus  grown  on  a  medium 
having  an  ionization  equal  to  the  value  Pa''"  =  7.7.  Two  units  of  this  hemo- 
to.xin  suspended  in  isotonic  salt  solution  were  added  to  a  series  of  test  tubes 
containing  the  inactivated  serum  in  descending  doses.  The  total  volume  was 
now  made  up  to  2  cc,  and  the  mixtures  were  incubated  for  15  minutes  in  a  water 
bath  at  37°  C.  To  each  tube  was  then  added  0.05  cc.  of  a  suspension  of  red 
blood  corpuscles  prepared  by  washing  the  cells  and  adding  an  amount  of  saline 
solution  equal  to  the  original  blood  volume.  The  mixtures  were  now  incubated 
for  1  hour.  The  readings  were  made  at  the  end  of  2  hours  and  again  after  12 
hours,  the  figures  in  the  tables  indicating  the  dilutions  of  serum  in  which  the 
lytic  activity  of  the  staphylohemotoxin  was  completely  inhibited. 

Quantitation  of  Serum  Proteins. — Those  who  have  heretofore  studied  the  prob- 
lem of  the  relationship  of  the  blood  proteins  to  immunity  have  in  the  main 
obtained  their  data  by  precipitation  of  the  globulins  and  the  subsequent  Kjcldahl 
determinations  of  the  nitrogen  contained  in  the  precipitate  and  in  the  coagu- 
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lated  proteins  of  the  whole  serum.  Other  workers  have  resorted  to  the  less 
accurate  method  of  weighing  the  precipitates.  Neither  of  these  procedures  is 
applicable  to  a  systematic  study  requiring  frequent  observations  upon  small 
animals  because  of  the  need  of  large  quantities  of  blood  and  the  time-consum- 
ing character  of  these  procedures. 

All  the  determinations  of  the  albumin,  globulin,  and  non-protein  constituents 
in  the  blood  of  the  animals  e.xperimented  upon  by  us  were  made  by  the  micro- 
refractometric  method  of  Robertson  (10).  As  the  author  has  shown  in  numerous 
publications,  the  results  obtained  by  this  method  are  in  accord  with  those  ob- 
tained by  the  older  methods,  and  the  procedure  possesses  the  important  advan- 
tages of  being  less  laborious  and  of  being  applicable  to  small  quantities  of  senun. 

In  brief  the  method  is  as  follows:''  Blood  is  collected  in  centrifuge  tubes, 
allowed  to  dot,  and  centrifugalized  to  obtain  a  clear  serum.  The  blood  should 
be  obtained  before  a  feeding,  since  lipemic  sera  are  read  with  more  difficulty. 
Furthermore,  the  serum  should  not  be  allowed  to  remain  in  contact  with  the 
clot  for  any  length  of  time,  nor  should  bacterial  contamination  be  permitted, 
especially  if  it  is  desired  to  keep  the  serum  for  24  or  48  hours  before  analyzing  it. 

By  actual  experiment  we  became  assured  that  serum,  and  more  particularly 
immune  senun,  may  dissolve  out  substances  from  the  clot  which  may  consider- 
ably alter  its  refractive  index.  It  has  been  found,  for  instance,  that  after  48 
hours  a  sterile  immune  serum'*  kept  in  contact  with  the  clot  at  low  temperatures 
akeady  showed  a  reduction  in  the  protein  quotient.  On  the  other  hand,  the 
clear  serum,  immediate^  separated  from  the  clot  and  kept  under  similar  con- 
ditions, showed  no  marked  changes  after  a  period  of  72  hours.  A  little  over  1.5  cc. 
of  serum  is  sufficient  for  the  determination  of  the  four  fractions. 

The  tests  are  carried  out  in  glass  tubes  having  an  inside  diameter  of  about 
5  mm.  and  walls  about  1  mm.  thick.    These  are  sealed  at  one  end. 

For  the  determination  of  the  albumin  and  globulin,  0.5  cc.  of  a  saturated 
solution  of  ammonium  sulphate  is  introduced  with  the  aid  of  a  graduated  pipette 
into  one  of  the  tubes,  about  10  cm.  in  length.  With  the  same  pipette,  which 
has  been  cleaned  by  washing  with  water,  alcohol,  and  ether,  and  dried  by  pass- 
ing through  it  a  stream  of  cold  air,  is  added  the  same  amount  of  clear  serum. 
For  purposes  of  mixing,  a  piece  of  silver  wire  is  dropped  into  the  tube,  a  stopper — 
consisting  of  a  piece  of  sealed  glass  tubing  inserted  into  a  piece  of  rubber  tubing 
— is  ;U]ixed  and  the  mLxture  of  serum  and  sulphate  is  now  shaken  thoroughly. 
The  precipitate  of  globiiHn  is  sedimented  by  centrifugalization,  the  clear  fluid 
is  diluted  with  a  graduated  pipette  to  one-half  and  its  refractive  index  determined. 

^  For  details  concerning  the  various  steps  in  the  method,  and  for  a  discussion 
of  the  reasons  for  them  and  of  the  manner  of  calculating  the  results,  reference 
should  be  m.ade  to  Robertson  (10). 

''  This  im.nune  serum  exhibited  a  high  antibody  content.  On  May  8  the  serum 
agglutinated  in  a  dilution  of  1:4,000,  and  fixed  the  complement  in  a  dilution  of 
0.001  cc.  of  serum. 
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This  reading  corrected  for  the  ammonium  sulphate  gives  the  total  albumin  plus 
the  non-protein. 

The  non-protein  value  is  determined  by  mixing  in  a  similar  glass  tube  0.5  or 
1  cc.  of  the  clear  senmi  with  an  equal  volume  of  0.04  n  acetic  acid  solution.  .■X 
short  piece  of  silver  wire  is  now  dropped  into  the  tube,  the  upper  end  is  sealed 
off  in  the  flame,  the  mixture  shaken,  and  coagulated  by  placing  the  tubes  in  a 
beaker  of  water  heated  to  boiling  for  several  minutes.  This  precipitate  also 
is  sedimented  by  centrifugalizing  and  the  refractive  index  of  the  clear  superna- 
tant fluid  is  determined. 

Lastly  the  refractive  index  of  the  whole  serum  is  determined.  From  this 
reading  the  refractive  index  of  the  total  globulin  is  obtained  by  subtracting  the 
refractive  reading  of  the  albumin  from  that  of  the  whole  serum  after  deducting 
the  value  of  the  non-proteins. 

The  readings  were  made  with  a  Pulfrich  refractometer,  and  the  calculations 
of  the  percentages  of  the  various  constituents  were  carried  out  in  the  manner 
presented  in  detail  by  Robertson.  The  results  are  expressed  not  only  in  per- 
centage but  also  in  the  per  cent  of  total  protein.  For  purposes  of  graphic  pre- 
sentation, it  was  thought  well  to  express  the  ratio  of  albumin  to  globulin  in  the 
form  of  a  quotient.  This  was  obtained  by  dividing  the  percentage  of  albumin 
by  that  of  globulin.  Thus  a  fall  in  the  quotient  would  indicate  a  rise  in  the 
blood  globulins,  and  vice  versa. 

From  a  large  series  of  determinations,  numbering  several  hundred,  we  have 
become  convinced  of  the  accuracy  of  this  method,  provided  the  sources  of  error 
are  understood  and  proper  care  is  exercised  in  the  manipulations.  The  method 
is  especially  recommended  on  account  of  the  rapidity  vsith  which  the  determina- 
tions can  be  made  and  the  small  quantities  of  serum  required. 

EXPERIMENTAL. 

Observations  on  the  serum  proteins  were  made  in  normal,  infected, 
immunized,  and  hj^ierimmunized  animals.  With  the  exception  of 
some  of  the  infected  animals,  a  parallel  study  was  made  also  of  the 
degree  of  inmiunity  present  during  different  periods  of  the  experi- 
ment. As  a  topical  example  of  an  acute  infection,  staphylococcus 
pyemia  was  chosen.  Infections  with  the  tubercle  bacillus  and  with 
sporothrix  were  selected  as  tj'pes  of  chronic  infections. 

For  purposes  of  immunization  Hving  and  killed  cultures  of  Bacillus 
typhosus  and  Bacillus  dysenterice  (Shiga)  and  Staphylococcus  pyogenes 
aureus  were  used.  In  addition  to  the  classical  method  of  immuniza- 
tion, a  study  was  made  also  of  the  effect  of  massive  inoculations  in 
normal  and  immune  animals  upon  the  albumin-globulin  ratio  and 
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upon  antibody  formation.  To  these  were  added  several  observations 
upon  the  changes  produced  in  the  serum  proteins  by  the  inoculation 
of  bacterial  endotoxins  and  inflammatory  irritants. 

Serutn  Proteins  of  Normal  Rabbits. 

Observations  on  the  serum  proteins  were  made  on  a  dozen  normal 
rabbits  kept  under  constant  conditions  of  diet  and  activity.  Not- 
withstanding the  constancy  of  the  conditions,  it  is  apparent  that 
individual  animals  may  show  considerable  variations  in  the  per- 
centage of  the  serum  proteins.  Thus  the  total  proteins  may  vary 
from  5  to  7  per  cent.  The  albumin  fraction  may  show  fluctuations 
from  3.1  to  5.5  per  cent,  and  the  globulins  from  0.8  to  2.7  per  cent. 
But  the  averages  of  all  the  readings  yield  values  which  are  in  fair 
accord  with  those  of  other  workers  (11),  especially  in  so  far  as 
the  albumin-globulin  ratio  is  concerned.  Such  fluctuations  as  have 
been  observed  in  the  protein  quotient  in  normal  animals  are  small 
in  comparison  with  the  marked  diminution  in  the  quotient  which 
has  been  noted  in  the  pathological  conditions  studied.  Whereas 
the  quotient  in  normal  animals  averaged  3.5,  and  in  most  instances 
did  not  fall  below  1.5.  infected  and  immunized  animals  have  at  one 
period  or  another  shown  a  quotient  below  1.0.  Furthermore,  it  is 
essential  in  all  these  experiments  to  determine  the  percentages  of  the 
serum  proteins  existing  in  the  normal  animal  before  proceeding  to 
determine  the  variations  which  may  follow  the  establishment  of  a 
pathological  condition. 

Infection. 

Experiment  1.  Infection.  Pyemia. — Two  rabbits  were  inoculated  intra- 
venously with  potato  cultures  of  Staphylococcus  pyogenes  aureus.  One  of  the 
animals  (Rabbit  l)  received  on  February  17  two  loopfuls  of  a  culture,  and  died 
8  days  later  of  a  bilateral  fibrinous  pleurisy,  and  abscesses  in  the  lungs  and  kid- 
neys. The  second  animal  (Rabbit  2)  was  inoculated  on  March  2  with  only  one 
loopful  of  a  potato  culture.  This  animal  emaciated  gradually,  losing  about  600 
gm.  in  weight,  and  was  killed  13  days  later. 

Autopsy. — Animal  anemic  and  emaciated.  Pleural  and  peritoneal  cavities 
contain  a  considerable  amount  of  fluid.  Atrophy  of  mesenteric  fat.  Slight 
engorgemer  i  of  liver  and  spleen.  Abscesses  and  infarcts  in  both  kidneys.  Large 
abscess  in  muscles  of  right  hind  leg.  Fibrinopurulent  arthritis  of  right  coxofcm- 
oral  Joint.     Bone  marrow  gelatinous  and  deep  red  in  color. 
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The  serum  proteins  were  studied  at  frequent  intervals  during  the 
course  of  the  infection,  and  the  results  obtained  showed  clearly  the 
fluctuations  which  may  occur  in  the  blood  proteins  in  a  ty-pical  in- 
fection with  Staphylococcus  aureus.  The  progress  of  the  infection  in 
both  animals  studied  was  accompanied  by  some  antibody  response 
as  evidenced  in  the  formation  of  antistaphylolysins.  These  developed 
to  an  equal  degree  in  both  rabbits.  In  Rabbit  2,  however,  the  changes 
in  the  percentages  of  the  various  constituents,  and  especially  in  the 
albumin-globulin  ratio,  were  not  marked.  The  striking  result  of 
this  experiment  was  the  precipitous  drop  in  the  protein  quotient 
observed  in  Rabbit  1,  which  received  a  massive  inoculation  of  staphy- 
lococci. Of  interest,  too,  is  the  fact  that  this  rise  in  the  total  globulins 
was  associated  with  a  parallel  fall  in  the  total  albumin. 

The  loss  in  weight  in  both  animals  was  considerable,  but  it  is  of 
interest  that  this  loss  occurred  more  rapidly  in  Rabbit  1  (3  days), 
whereas  as  in  Rabbit  2  it  was  more  gradual.  The  significance  of  this 
observation  will  become  more  apparent  in  connection  with  other 
experiments. 

Experiment  2.  Tuberculosis. — On  February  17  a  rabbit  weighing  2,600  gm. 
was  inoculated  intravenously  with  0.1  mg.  of  a  72  day  culture  of  bovine  tuber- 
cle bacillus  grown  on  tuberculin  agar.  During  the  progress  of  the  infection, 
frequent  analyses  of  the  serum  proteins  were  made,  and  the  albumin-globulin 
ratio  was  determined.    These  observations  are  presented  in  Table  I. 

The  animal  emaciated  only  moderately,  and  was  killed  about  2§  months  later. 

Autopsy. — Extensive  pulmonary  tuberculosis  with  cavity  formation.  Numer- 
ous cheesy  foci  and  miliary  tubercles.  Tuberculosis  of  mediastinal  Ij-mph  nodes. 
Tubercles  in  spleen  and  kidneys. 

Experiment  3.  Infection  'with  Sporotrichum  schenckiiand  beurmani. — A  rabbit 
weighing  1,750  gm.  was  injected  intraperitoneaUy  with  2  cc.  of  a  cream  suspension 
of  sporothrLx  (No.  3725,  1912)  grown  in  4  per  cent  glucose  broth  since  October 
25,  1915.  The  animal  gained  in  weight  and  10  days  later  4  cc.  of  the  same  culture 
were  injected.  On  the  30th  day  a  third  and  final  injection  of  6  cc.  was  given.  On 
March  17  three  nodules  about  the  size  of  large  cherries  were  felt  at  the  site  of 
inoculation. 

Frequent  observations  were  made  upon  the  agglutinins  and  complement- 
fixing  antibodies  as  well  as  upon  the  serum  proteins  (Te.xt-fig.  1).  The  animal 
was  killed  about  2§  months  later. 

Autopsy. — At  the  site  of  the  injections  there  were  many  pea-sized  nodules. 
These  were  present  both  in  the  subfascial  layers  and  in  the  abdominal  muscles. 
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TABLE    I. 
Experiment  2.    Chronic  Infection. 
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Text-Fig.  1.    Infection  with  sporothrix. 
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Similar  ones  were  found  also  in  the  omentum,  between  the  loops  of  intestine  and 
between  the  liver  and  diaphragm.  Histologically,  they  were  found  to  s^ow  the 
presence  of  typical  sporotrichotic  granulation  tissue.  From  one  of  these  nodules 
a  positive  culture  was  obtained. 

Both  the  tubercular  and  mycotic  infections  were  characterized 
by  a  long  chronic  course  of  several  months  associated  with  only 
slight  wasting.  Immediately  following  the  inoculation,  in  the  one 
instance  with  the  tubercle  bacillus  and  in  the  other  with  the  sporo- 
thrix,  each  animal  showed  a  slight  rise  in  the  total  globulins  as  evi- 
denced by  a  fall  in  the  protein  quotient.  But  it  is  of  interest  that  the 
latter  continued  at  a  fairly  constant  level,  and  that  the  fluctuations 
observed  usually  followed  the  intraperitoneal  injections.  Thus  it 
will  be  noticed  the  protein  quotient  did  not  show  such  a  precipitous 
fall  in  the  chronic  as  in  the  acute  infections. 

In  the  animal  infected  with  sporothrix  a  slight  grade  of  immunity 
developed,  but  neither  the  agglutinins  nor  the  complement-fixing 
antibodies  ever  rose  to  a  high  level.  Notwithstanding  this  lack  of 
response,  the  serum  proteins  still  showed  striking  fluctuations.  The 
curve  of  total  albumin  for  the  most  part  paralleled  closely  the  curve 
of  total  proteins.  The  globulins  showed  a  tendency  to  rise  when 
the  albumin  curve  fell,  but  this  was  not  the  case  for  all  periods  of 
the  experiment.  Both  of  these  features  are  well  represented  by  the 
fluctuations  of  the  protein  quotient  as  shown  graphically  in  the  text- 
figure. 

Immunity. 

Experiments  1  and  2.  Immunization  with  Bacillus  typhosus. — Two  healthy 
rabbits  were  inoculated  with  B.  typhosus.  One  animal  received  inoculations  of 
stock  strain  and  the  other  Army  vaccine.  Seriun  samples  were  obtained  before 
the  injection  for  a  study  of  the  agglutinins,  complement-fixing  antibodies,  and 
serum  proteins.  Similar  observations  were  made  at  frequent  intervals  follow- 
ing the  inoculations.  The  details  of  Experiment  2,  in  which  Army  vaccine 
was  used,  are  recorded  in  Table  II  and  Text-fig.  2. 

In  both  of  the  experiments  on  typhoid  immunization  the  inocula- 
tions were  given  in  such  dosage  and  at  such  intervals  as  to  develop 
within  the  organism  a  maximimi  degree  of  immunity  without  causing 
any  marked  metabolic  disorder.  Both  animals  "maintained  their 
weight  at  a  normal  level  throughout  the  period  of  immunization,  and 
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STUDIES   ON   THE    BLOOD   PROTEDSTS. 


the  immunity  developed  after  the  third  inoculation  was  of  a  high 
grade  in  each  instance.  In  one  of  these  animals  (Rabbit  5),  the 
agglutinins  showed  a  tendency  to  fall  at  one  period  following  an  inter- 
current infection  resulting  from  an  abortion.  Soon  after  this  re- 
duction in  the  agglutination  titer,  there  occurred  also  a  definite  rise 
in  the  serum  globulins.  The  association  of  the  development  of  a 
pyemia  with  a  high  globulin  content  has  been  a  frequent  observation. 
Its  significance  will  be  discussed  in  subsequent  paragraphs. 
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Text-Fig.  2.    T>-phoid  immunization. 


In  neither  animal  was  it  possible  to  demonstrate  any  direct  parallel- 
ism between  the  rise  in  the  immune  bodies  and  the  fluctuations  in 
the  serum  globulins.  The  latter  showed  a  tendency  to  rise  (fall  in 
protein  quotient)  24  to  48  hours  following  an  inoculation,  and  a 
tendency  to  return  to  a  normal  level  in  the  following  several  days. 

Text-fig.  2  represents  these  fluctuations  graphically  for  Experiment 
2.  It  will  be  observed  that  after  a  period  of  about  3  weeks  following 
the  initial  inoculation  the  value  of  the  protein  quotient  showed  no 
tendency  to  change  materially,  although  the  development  of  immune 
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bodies  had  reached  its  highest  point.  The  total  proteins  and  total 
albumins  showed  parallel  fluctuations  but  no  definite  tendency  to 
rise  during  the  process  of  immunization. 

Experiment  3.  Immunization  with  Dysentery  Bacillus  (Shiga). — A  rabbit 
weighing  2,450  gm.  was  inoculated  intravenously  with  increasing  doses  of  living 
dysentery  bacilli  (Strain  Do,  Pasteur  Institute,  December,  1913)  suspended  in 
salt  solution.  The  first  inoculation  was  given  on  January  27  when  0.01  of  a  loop 
(20,000  organisms)  was  inoculated.  The  same  dose  was  given  10  days  later. 
20  day.s  after  the  first  inoculation  the  animal  received  ten  times  this  number  of 
organisms.  This  was  increased  to  100  times  the  dose  on  the  30th  day.  On  the 
40th  and  SOth  days,  two  and  one-third  and  eight  loopfuls,  respectively,  were 
inoculated.  These  injections  were  all  well  tolerated  and  were  not  followed  by 
loss  in  weight.  The  degree  of  antibody  response  and  the  change  in  the  serum 
proteins  are  recorded  in  detail  in  Table  III  and  Text -fig.  3. 

8  weeks  after  the  beginning  of  the  experiment,  the  animal  died  of  exsanguLna- 
tion  following  prolonged  bleeding  from  the  ear  artery. 

The  striking  changes  in  the  blood  globulins  brought  about  by  the 
inoculation  of  living  dysentery  bacilli  are  well  shown  in  the  text- 
figure.  It  will  be  observed  that  following  the  first  two  inoculations 
both  the  albumin  and  globulin  curves  showed  wide  fluctuation,  and 
that  only  after  the  third  inoculation  did  the  globulins  show  a  gradual 
upward  course  and  the  albumin  a  gradual  downward  course.  During 
two  periods  of  the  experiinent  (February  3  and  14)  the  albumin 
fraction  rose  to  a  high  level.  A  similar  observation  was  made  upon 
an  animal  immunized  with  living  staphylococci.  Apart  from  the 
explanation  that  the  injection  of  living  organisms  may  give  rise  to  a 
marked  metabolic  disorder,  the  reasons  for  such  extreme  variations 
in  the  curve  are  not  clear,  unless  it  is  assumed  that  the  active  multi- 
plication of  bacteria  may  bear  some  relation  to  these  fluctuations. 

The  agglutinins  and  complement-fixing  antibodies  rose  gradually 
reaching  their  highest  level  during  the  5th  week.  But  as  a  careful 
analysis  of  the  antibody  and  globulin  curves  will  disclose,  there  is  a 
marked  fluctuation  of  the  latter  curve  throughout  its  entire  course. 
The  most  striking  discrepancy  was  noted  on  March  17,  when  the 
concentration  of  antibodies  had  reached  its  maximum;  whereas  the 
globulin  content  was  beginning  to  return  to  its  initial  level. 
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Text-Fig.  3.     Immunization  with  living  dysentery  bacilli. 


Experimcnis  4  and  5.  Immunization  with  Living  and  Killed  Staphylococci. — 
Two  healthy  animals  were  inoculated  intravenously  with  Staphylococcus  Pyo- 
genes aureus.  One  rabbit  received  0.001  of  a  slant  (2,000,000  organisms)  at  the 
beginning  and  two  subsequent  inoculations  of  0.02  and  0.1  of  a  slant.  This 
animal  at  autopsy  showed  an  osteomyelitis  of  the  sternum,  an  adhesive  peri- 
carditis, and  thrombophlebitis  of  the  deep  femoral  vein.  The  second  animal  was 
injected  with  cultures  of  staphylococci  killed  by  heating  at  60°  C,  for  one  or  more 
hours.  In  all,  four  inoculations  of  0.01,  0.2,  0.5  and  1  slant  were  given.  The 
animal  died  on  the  40th  day  of  a  septicemia  foOowing  a  hypopyon  due  to  ac- 
cidental injury. 

Some  interesting  differences  have  been  observed  between  the 
effects  produced  by  the  intravenous  inoculation  of  living  and  of 
killed  staphylococci.  The  injection  of  living  organisms  is  followed 
immediately  by  marked  fluctuations  in  the  protein  quotient  (Text- 
fig.  3),  whereas  following  the  injection  of  killed  organisms  the  glob- 
ulins first  diminish  and  then  the  quotient  shows  a  gradual  down- 
ward course. 

In  E.xp'.riment  4  the  injection  of  living  organisms  was  followed 
on  the  13th  day  by  a  marked  rise  in  the  albumin  fraction.     A  similar 
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event  occurred  also  in  Rabbit  7  inoculated  with  killed  organisms. 
But  this  animal  had  developed  a  suppurative  condition  of  the  left 
eye  about  the  time  that  this  sudden  rise  occurred.  These  two  observa- 
tions taken  in  conjunction  with  the  one  following  the  inoculation  of 
living  dysentery  bacilli  suggest  the  possibility  that  such  extreme 
fluctuations  may  be  explained  by  the  active  multiplication  of  living 
organisms  within  the  animal. 
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Text-Fig.  4.     Immunization  with  living  staphylococci. 


Both  experiments  illustrate  still  another  point  which  will  be  con- 
sidered more  fully  later;  namely,  that  the  increase  in  globulins  is 
associated  with  a  diminution  in  the  albumin  fraction.  The  total 
proteins  exhibit  a  slight  upward  course  in  each  animal,  whereas  the 
non-protein  constituents  show  no  significant  variation. 

A  gradual  rise  in  antistaphylolysins  took  place  in  Rabbit  8  inocu- 
lated with  living  organisms.  For  the  most  part,  this  rise  appears 
to  parallel  the  increase  in  globulins,  but  we  feel  that  there  is  another 
consideration  to  be  kept  in  mind  in  the  interpretation  of  this  result. 
The  experimental  evidence  would   seem   to  indicate  that  marked 
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alterations  in  weight,  such  as  occurred  in  this  animal,  may  be  associ- 
ated with  a  great  increase  in  the  globulins  of  the  blood  independently 
of  a  rise  in  immune  bodies. 

A  Comparison  of  the  Effect  of  ike  Inoculation  of  Living  Typhoid  Bacilli 
upon  the  Normal  and  Immune  Animal. 

The  observations  upon  the  fluctuations  in  the  serum  globulins 
and  in  the  antibody  response  in  normal  animals  immunized  with 
living  organisms  suggested  the  problem  of  the  possible  effect  of  inocu- 
lating living  organisms  into  the  t>phoid  immune  animal.  That  the 
immunized  organism  because  of  the  sensitization  of  its  fixed  tissue 
cells  may  possess  a  more  responsive  defensive  mechanism  is  now  well 
known  (12).  This  power  of  defense  may  become  manifest  by  a 
rapid  mobilization  of  antibodies  and  by  a  large  increase  in  the  number 
of  circulating  leukocytes.  It  was  our  purpose  in  the  experiments 
of  this  series  to  ascertain  whether  this  protective  reaction  was  in 
any  manner  related  to  the  changes  in  the  blood  proteins,  and  more 
especialh"  whether  any  parallelism  existed  between  the  rise  in  leuko- 
cytes and  the  increase  in  the  blood  globuhns. 

Experimenls  1,  2,  3,  4,  and  5. — Five  animals  already  possessing  a  basic  immun- 
ity against  the  typhoid  bacillus  were  chosen  for  this  study.  In  three  of  the 
animals  (Rabbits  9,  10,  and  4)  a  record  was  made  at  intervals  of  hourly  periods 
of  changes  in  the  leukocytes,  antibodies,  and  serum  proteins.  In  one  of  the 
experiments  (Rabbit  10)  the  observations  were  e.xtended  over  a  period  of  12  days. 
The  results  of  this  e.xperiment  are  representative  of  the  others  in  this  series. 
These  are  given  in  detail  in  Table  V  and  Text-fig.  5. 

Experiment  6. — A  normal  rabbit  weighing  2,800  gm.  was  inoculated  intrave- 
nously with  0.25  of  a  slant  of  living  t^^phoid  bacilli  (Strain  H  125)  on  May  8. 
The  animal  tolerated  the  injection  well,  and  gave  a  good  leukocytic  and  antibody 
response.  Observations  on  the  leukocjtes,  antibodies,  and  serum  proteins  were 
made  at  hourly  periods  during  the  first  48  hours,  and  then  at  inter\'als  over  a 
period  of  16  days. 

The  observations  given  in  the  protocols,  tables,  and  text-figures  of 
this  series  support  the  general  conclusions  that  the  immune  animal 
responds  more  quicklj-  to  the  inoculation  of  li\ing  organisms  with  a 
leukocytosis,  a  rise  in  immune  bodies,  and  an  increase  in  the  blood 
globulins;  and  that  the  changes  noted  in  the  blood  proteins  bear 
no  relation  to  the  hjperleukocytosis. 
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In  the  main  the  details  of  some  of  the  experiments  are  given  in 
Table  V  and  Text-figs.  5  and  6,  but  a  few  points  relating  to  the  in- 
dividual experiments  deserve  special  mention.  From  a  comparison 
of  the  results  obtained  in  the  experiments  with  Rabbits  11  and  12  it 
would  appear  that  the  rapidity  of  response  bears  some  relation  to  the 
degree  of  the  initial  basic  immunity.  The  first  animal  showed  a  fall 
in  the  agglutination  titer  immediately  after  the  injection,  and  in  this 
animal  the  rise  in  globulins  occurred  only  after  72  hours.  In  Rabbit 
12,  however,  the  antibodies  rose  steadily,  and  in  this  instance  a  rise 
in  the  concentration  of  the  serum  globulins  took  place  more  rapidh- 
within  a  period  of  24  hours. 

Experiments  3  and  4  are  more  complete  since  in  them  the  obser- 
vations were  extended  over  a  longer  period.  That  the  degree  of 
hyperleukocytosis  is  dependent  in  part  at  least  upon  the  nvimber  of 
organisms  inoculated  is  clear  from  a  comparison  of  the  results  ob- 
tained in  Rabbits  9  and  10.  In  the  former  where  the  more  marked 
reaction  occurred,  one-half  of  a  standard  agar  slanthadbeen  inoculated; 
whereas,  the  latter  received  only  one-quarter  of  a  slant.  The  highest 
leukocytic  reactions  were  observed  in  Rabbit  9  (44,000)  and  in  Rabbit 
4  (58,000).  In  this  respect  our  observations  coincide  with  those  of 
McWilliams  (12).  The  usual  leukopenia  which  immediately  follows 
the  intravenous  injection  occurred  in  both  the  normal  and  immune 
animal  as  is  graphically  shown  in  Text-figs.  5  and  6. 

By  referring  to  these  charts  it  will  be  noted  that  in  neither  animal 
was  there  any  parallelism  between  the  leukocytic  response,  the  rise 
in  the  immune  properties  of  the  serum,  and  the  increase  in  globulins. 
Whereas  the  curve  showed  periods  in  which  a  rise  in  globulins  occurred 
simultaneously  with  a  leukocytosis,  the  latter  remained  low  even 
during  the  periods  of  leukopenia.  Nor  was  any  direct  correspondence 
demonstrable  between  the  rise  in  immune  bodies  and  the  increase 
in  the  concentration  of  the  serum  globulins.  Both  in  the  normal 
and  the  immune  animal  the  latter  took  place  long  before  anj^  appreci- 
able rise  in  the  agglutinins  and  complement-fixing  antibodies  had 
occurred.  In  Rabbit  10,  for  instance,  a  fall  in  the  protein  quotient 
(globulin  rise)  was  demonstrable  within  24  hours  after  the  inoculation 
at  a  time  when  the  antibody  content  was  at  its  lowest  level ;  and  simi- 
larly in  Rabbit  13,  the  normal  control,  the  serum  globulins  rose  mark- 
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edly  within  48  hours,  while  the  antibodies  rose  to  their  maximum 
height  only  after  4  days.  In  both  instances  the  globulin  content 
remained  high  throughout  the  period  of  immunization  while  the  anti- 
body curve  continued  to  rise  independently  of  the  globulins. 

The  advantage  of  such  frequent  determinations  made  at  different 
periods  during  the  process  of  immunization  as  compared  with  iso- 
lated observations  made  at  random  intervals  is  well  illustrated  in 
these  experiments.  If,  for  instance,  a  determination  of  the  globulin 
fraction  should  show  an  increase  at  a  time  when  the  immune  bodies 
had  reached  a  high  level,  the  conclusion  would  naturally  follow 
that  fluctuations  in  the  two  parallel  one  another;  whereas,  as  we  have 
pointed  out,  more  frequent  observations  demonstrated  that  such 
parallelism  was  not  of  constant  occurrence. 

The  tabulated  results  emphasize  still  another  point  of  importance. 
To  be  of  absolute  value  the  albumin-globulin  ratio  must  be  ex- 
pressed in  terms  of  their  quotient.  This  takes  into  consideration 
also  fluctuations  which  have  been  found  to  take  place  in  the  total 
proteins  during  the  course  of  an  infection  and  during  the  process  of 
immunization. 

The  Effect  of  the  Injection  of  Bacterial  Toxin  upon  the  Serum  Proteins. 

The  experimental  data  already  presented  afford  evidence  that  both 
living  and  killed  cultures  of  various  bacteria  when  inoculated  into 
an  animal  give  rise  to  marked  changes  in  the  serum  proteins,  and 
more  especially  to  an  upset  of  the  normal  albumin-globulin  ratio. 
This  phenomenon  may  well  be  attributed  to  the  changed  condition 
of  the  animal's  metabolism  resulting  from  the  multiplication  of  bac- 
teria within  its  body,  to  the  liberation  of  toxic  products  from  the 
disintegration  of  the  bacterial  bodies,  or  to  both  causes.  The  part 
which  the  autolyzed  bacterial  bodies  themselves  may  play  in  bring- 
ing about  the  results  observed  is  well  shown  in  the  following  experi- 
ment. 

The  Action  of  Bacterial  Endotoxin. — A  rabbit  weighing  2,500  gm.  was  injected 
intravenously  on  May  18  with  1  cc.  of  the  toxin  of  fowl  t>'phoid.  This  toxin 
was  prepared  by  growing  the  organisms  on  Martin's  broth  for  14  days,  after 
which  the  culture  was  centrifugalized  and  filtered  through  a  Berkefeld  filter. 


Specimens  of  5  cc.  of  blood  were  taken  24  hours  after  the  injection  and  at  vary- 
ing intervals  until  June  6.  The  alterations  in  the  serum  proteins  following  the 
injection  are  given  in  Table  VI  and  Text-fig.  7. 

TABLE    VI. 

The  Effect  of  (he  Injection  of  Bacterial  Toxin  {Fowl  Typhoid).    Rabbit  14. 
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Text-Fig.  7.    The  effect  of  the  injection  of  bacterial  toxin. 
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The  dosage  of  endotoxin  in  this  experiment  was  apparently  well 
chosen,  for  although  the  animal  lost  moderately  in  weight,  the  amount 
of  toxin  was  not  sufTicient  to  prevent  a  gradual  return  of  the  serum 
proteins  to  a  more  or  less  normal  state.  The  most  striking  effect 
of  the  inoculation,  shown  graphically  in  Text-fig.  7,  was  the  gradual 
increase  in  the  serum  globulins  at  the  expense  of  the  albumin  frac- 
tion, and  a  reduction  in  the  percentage  of  the  total  proteins.  This 
rise  in  globulins  was  already  appreciable  72  hours  following  the 
injection,  and  6  days  later  the  albumin-globulin  ratio  still  showed 
an  inversion  of  the  normal  formula.  On  the  8th  day  the  total  per 
cent  of  proteins  had  returned  to  normal,  and  continued  to  rise  some- 
what above  the  normal  level  during  the  subsequent  11  days.  At  this 
time  the  protein  quotient,  however,  still  remained  low,  although  the 
albumin-globuHn  ratio  was  beginning  to  revert  to  its  normal  state. 

The  tendency  in  this  instance  for  an  alteration  in  the  blood  pro- 
tein fractions  to  readjustment  is  of  interest.  In  this  respect  this 
observation  is  unique,  for  in  the  majority  of  the  experiments  an 
upset  of  the  normal  ratio  continued  with  some  fluctuations  for  a 
long  period  of  time  due  to  subsequent  reinoculations.  The  readjust- 
ment of  conditions  in  this  animal  may  be  attributed  to  the  absence 
of  bacterial  invasion  to  perpetuate  the  process.  It  may  be  assumed 
that  after  its  initial  effect  upon  the  animal,  the  toxin  was  spent,  as 
may  be  inferred  from  the  appearance  of  antibodies  in  the  blood, 
and  that  the  organism  was  then  able  to  readjust  itself. 

A  Comparison  of  the  EJJect  of  the  Intraperitoneal  Injection  of  Bacterial 
and  of  Inflammatory  Irritants. 

In  some  experiments  which  will  be  recorded  at  a  later  date,  we 
observed  that  the  intraperitoneal  injection  of  red  blood  corpuscles 
gives  rise  to  an  alteration  in  the  albumin-globulin  ratio  which  is  both 
rapid  in  its  occurrence  and  marked  in  its  degree.  In  fact  such 
injections  usually  resulted  in  a  complete  inversion  of  the  ratio  within 
a  period  of  24  hours.  Because  we  were  deahng  here  with  non- 
bacterial protein  and  with  a  different  route  of  injection,  it  seemed 
worth  while  to  ascertain  whether  it  was  the  nature  of  the  inoculated 
material  or  the  route  of  the  inoculation  which  was  responsible  for 
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the  changes  observed.     With  this  purpose  in  view,  the  following  two 
experiments  were  carried  out. 

Experiment  1. — On  May  22  a  rabbit  weighing  2,525  gm.  was  injected  intra- 
peritoneally  with  0.2  of  a  slant  of  a  killed  culture  of  staphylococci.  The  organ- 
isms were  killed  by  heating  for  an  hour  at  60°  C,  and  1  cc.  of  the  suspension  was 
used.  An  analysis  of  the  serum  proteins  was  made  at  stated  intervals  following 
the  injection.    These  are  recorded  in  Table  VTI. 


TABLE  vn. 
The  Effect  of  the  Injection  of  Killed  Staphylococci  hitraperitoneally.     Rabbit  15. 


Date. 

Weight. 

Organisms 
inoculated. 

'5 
1 
S 

(2 

.s 

a 

3 
CO 

s 
e2 

d 

s 
e2 

1! 

is 

< 

.5 
o  £ 

If 

o 

11 

Z 

C 

'Si 

0. 

Remarks. 

gm. 

P'T 

cent 

per 

cent 

per 
cent 

per 
cent 

per 
cent 

Per 
cent 

May  19.  . 

2,500 

— 

5.8 

3.2 

2  6 

60 

40 

1.7 

1.5 

"     22   . 

2,525 

0 . 2  slant  in- 
traperito- 
neally. 

24  hour  culture  kill- 
ed by  heating  for 
1  hr.  at  60°C.  sus- 
pended in  1  cc.  of 
saline  solution. 

"     23 . . 

2,500 

— 

4.7 

1.3 

3.4 

28 

72 

2.9 

0.4 

"     24.  . 

2,600 

— 

4.7 

1.8 

2  9 

38 

62 

2.8 

0.6 

"     26.. 

2,600 

- 

4.9 

0.8 

4.1 

16 

84 

1.8 

0.2 

"     31.. 

— 

— 

5.7 

2.0 

3.7 

35 

65 

1.6 

0.5 

June    6. 

— 

— 

5.8 

1.8 

4.0 

31 

69 

1.3 

0.45 

Experiment  2. — 2  cc.  of  an  aleuronat  suspension  in  saline  solution  were  injected 
intraperitoneally  into  a  rabbit  weighing  2,150  gm.  The  suspension  of  aleuronat 
was  so  made  that  it  corresponded  in  density  to  that  of  the  killed  staphylococci 
used  in  the  first  experiment.  Following  the  injection,  observations  were  made 
upon  the  serum  proteins.  These  are  recorded  in  Table  VIII.  The  animal  lost 
gradually  in  weight,  and  died  7  days  after  the  injection. 

Autopsy. — Small  masses  of  unabsorbed  aleuronat  were  found  adherent  to  the 
peritoneum.  There  was  a  definite  intestinal  paralysis  with  coprostasis,  chiefly 
in  the  large  bowel.  There  was  considerable  injection  of  the  peritoneum  and  an 
enteritis  of  the  small  bowel. 
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TABLE    VIII. 
The  Effect  of  the  Injection  of  Aleuronat  Intraperitoneally.     Rabbit  16. 
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Death. 

Both  experiments  would  seem  to  support  the  view  that  the  route 
of  injection  rather  than  the  nature  of  the  substance  injected  is  respon- 
sible for  the  rapid  inversion  in  the  albumin-globuHn  ratio.  24  hours 
following  the  intraperitoneal  injection  of  killed  staphylococci  the 
quotient  fell  from  1.5  to  0.4,  indicating  an  increase  in  globulins  to 
more  than  three  times  the  initial  value.  This  upset  in  the  ratio 
continued  with  slight  fluctuations  for  a  period  of  about  2  weeks. 
The  animal  injected  with  aleuronat  showed  a  change  similar  in 
every  respect. 

The  retardation  in  response  noted  after  intravenous  inoculations 
must  therefore  be  attributed  to  the  protective  properties  of  the  blood 
which  enable  it  to  delay  the  action  of  the  bacteria  or  toxin  upon  the 
body  tissues. 

Another  point  brought  out  by  this  experiment  deserves  emphasis; 
namely,  that  agents  other  than  bacteria  or  their  toxins  may  cause 
an  upset  in  the  serum  proteins.  The  manner  in  which  an  inflamma- 
tory irritant  and  leukotactic  substance  like  aleuronat  may  produce 
this  result  offers  some  difliculty  of  explanation.  It  is  not  unlikely, 
however,  that  the  rapid  absorption  of  toxic  protein  products  result- 
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ing  from  the  disintegration  of  leukocytes  and  fixed  tissue  cells  pro- 
duces a  profound  metabolic  disturbance  of  which  the  heaping  up  of 
blood  globulins  is  one  of  the  resultant  phenomena.  A  further  con- 
sideration of  the  factors  which  may  give  rise  to  this  result  will  be 
presented  later. 

DISCUSSION. 

The  experimental  evidence  presented  does  not  support  the  views 
held  by  a  number  of  workers  concerning  the  relationship  of  the 
blood  globuhns  to  the  resistance  developed  in  bacterial  infection  and 
immunity.  From  a  large  number  of  observations,  continued  over  a 
long  period  of  time,  we  have  become  convinced  that  other  causes 
are  responsible  for  the  rise  in  globulins  observed  in  these  conditions. 

Our  observations  have  shown  with  considerable  certainty  that  a 
heaping  up  of  globulins  in  the  blood  during  the  development  of  an 
infection  is  more  apt  to  occur  in  those  instances  where  the  infection 
has  been  overwhelming  and  associated  with  extensive  suppuration 
and  wasting.  We  have  found,  in  fact,  that  animals  which  succumb 
to  such  an  acute  process  have  usually  developed  only  a  moderate 
resistance  as  far  as  the  development  of  immune  bodies  is  concerned. 
On  the  other  hand,  a  mild  chronic  infection  may  continue  over  a 
long  period  of  time,  and  may  register  only  sHght  changes  in  the 
blood  globulins  until  the  animal  begins  to  emaciate  and  to  lose  in 
weight.  This  point  has  been  discussed  in  connection  with  the  tuber- 
cular and  the  mycotic   infections. 

The  main  points  of  interest  have  come  from  a  study  of  the  serum 
globulins  during  the  process  of  immunization.  Contrary  to  the 
results  of  a  number  of  workers  (13),  our  experiments  have  shown 
that  immunization  with  bacteria  causes  a  rise  in  globulins  only  when 
the  animals  react  severely  to  the  inoculation.  Immunization  carried 
out  carefully  and  with  a  well  controlled  dosage  is  not  usually  accom- 
panied by  an  increase  in  the  serum  globulins,  although  the  immune 
bodies  may  attain  a  high  concentration.  The  inoculation  of  massive 
doses,  however,  either  into  a  normal  animal  or  into  an  animal  already 
possessing  a  basic  immunity  results  in  most  instances  in  a  marked 
rise  in  the  globuhns.  This  may  occur,  indeed,  before  the  animal 
has  responded  by  the  production  of  antibodies.     It  would  seem, 
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therefore,  that  no  direct  parallelism  exists  between  the  two  phe- 
nomena. In  fact  we  have  come  to  regard  the  heaping  up  of  serum 
globulins  supervening  during  the  process  of  immunization  as  an  index 
of  a  metabolic  disorder  unfavorable  to  the  attainment  of  the  best 
immunologic  results.  And  it  is  not  unlikely  that  observations  on 
the  blood  globuhns  may  serve  as  an  important  practical  guide  to 
careful  immunization. 

Any  attempt  to  explain  the  cause  of  the  rise  in  globulins  observed 
in  infection  and  immunity  is  difficult.  At  best  all  such  explanations 
must  be  of  a  hypothetical  character  until  we  have  learned  more 
concerning  the  origin  of  the  various  protein  fractions,  their  function/ 
and  their  chemical  nature.  One  important  conclusion  may  be  derived 
from  the  experimental  evidence  presented;  namely,  tliat  the  increase 
in  blood  globulins  is  usuallj-  accompanied  by  a  marked  metabolic 
disorder.  This  observation  has  been  made  also  by  other  workers  (14). 
Clinically,  the  metabolic  disturbance  is  manifested  by  a  febrile  reac- 
tion, intoxication,  and  rapid  emaciation.  The  extensive  destruction 
of  body  protein  which  is  going  on  is  further  evidenced  by  an  increase 
in  the  nitrogen  elimination  (15).  That  such  marked  proteolytic 
actixaty  may  be  initiated  by  the  intravenous  injection  of  bacteria, 
bacterial  toxins,  and  protein  split-products  has  been  clearly  shown 
by  Jobling  and  his  coworkers  (16).  They  attribute  this  active  pro- 
teolysis to  a  more  or  less  marked  mobilization  of  ferments,  both 
protease  and  lipase.  Apart  from  the  consideration  of  the  cause  of 
this  disturbance  in  metabolism,  it  seems  reasonable  to  assume  that 
it  must  register  a  change  in  the  proteins  of  the  blood. 

More  difficult  to  explain,  however,  are  the  facts  that  an  inversion 
of  the  albumin-globulin  ratio  can  be  so  readily  produced,  and  that 
the  change  markedly  affects  the  globulins.  The  possible  explana- 
tions which  may  be  oft'ered  for  these  phenomena  have  some  basis  in 
experiment.  Moll  (17)  has  shown,  for  instance,  that  under  optimum 
conditions  of  reaction  and  temperature  crystalline  albumin  can  be 
converted  in  vitro  into  a  substance  whose  chemical  and  physical 

'  Friedemann  (2.  Eyg.  u.  Infectioiiskrankh.,  1910,  Ixvii,  279)  thinks  that  the 
globulins  and  albumins  of  normal  senim  are  in  antagonism,  the  albumins  pre- 
venting certain  reactions,  such  as  complement  fixation,  in  which  the  former 
become  active  as  soon  as  the  albumins  are  removed  or  diminished. 
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properties  correspond  in  every  particular  to  a  globulin.  On  the 
basis  of  this  observation  one  would  have  to  assume  that  the  more 
rapid  conversion  of  albumin  into  globulin  within  the  body  is  only  a 
part  of  the  accelerated  metabolism  which  takes  place  in  infected  and 
immunized  animals. 

This  is  only  one  of  many  hypotheses  which  might  be  advanced 
to  explain  the  difficult  questions  which  the  recorded  observations 
offer  for  consideration.  But  at  the  present  time  it  is  better  to  adhere 
to  those  views  which  have  an  experimental  basis  until  further  addi- 
tions to  our  knowledge  make  them  untenable. 

SUMMARY. 

The  progress  of  an  infection  is  usually  associated  with  marked 
changes  in  the  serum  proteins.  There  may  be  an  increase  in  the 
percentage  of  the  total  protein  during  some  stage  of  the  infection, 
and  there  is  usually  a  change  in  the  albumin-globulin  ratio  with  an 
increase  in  the  total  globulins.  This  rise  may  antedate  the  develop- 
ment of  any  resistance  by  a  considerable  period  of  time. 

The  non-protein  constituents  of  the  blood  show  fluctuations  with 
a  tendency  to  rise  as  the  infection  progresses. 

The  process  of  immunization  is  in  almost  all  instances  associated 
with  a  definite  increase  in  the  globulins  of  the  blood,  and  in  some 
cases  with  a  complete  inversion  of  the  normal  albumin-globulin 
ratio.  This  may  be  produced  both  by  living  and  dead  organisms 
and  by  bacterial  endotoxins.  Massive  doses  usually  result  in  an 
upset  which  shows  no  tendency  to  right  itself  during  the  period  of 
observation. 

A  rise  in  the  globulins  has  been  shown  to  occur  long  before  the 
animal  develops  immune  bodies  in  any  appreciable  concentration; 
and  where  the  globulin  curve  and  antibody  curve  appear  to  parallel 
one  another,  it  can  be  shown  by  a  careful  analysis  of  both  curves 
that  there  is  a  definite  lack  of  correspondence  at  various  periods  of 
the  experiment. 

Animals  possessing  a  basic  immunity  show  a  more  rapid  rise  in 
the  globulin  curve  following  inoculation. 

There  is  no  parallelism  between  the  leukocytic  reaction  and  the 
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globulin  reaction.  During  periods  of  leukopenia  the  globulins  may 
be  as  high  as  during  the  period  of  a  leukocytosis. 

Bacterial  endotoxins  produce  as  striking  an  increase  in  the  serum 
globulins  as  do  living  and  killed  bacteria.  This  would  seem  to 
indicate  that  a  bacterial  invasion  of  the  organism  is  not  absolutely 
essential  for  the  globuhn  changes,  and  that  the  toxogenic  factor  in 
infection  and  immunity  must  play  a  part  in  the  production  of  the 
changes  noted. 

Inflammatory  irritants  injected  intraperitoneally  also  result  in  a 
globulin  increase.  In  this  case  the  changes  produced  may  best  be 
explained  by  the  toxogenic  effect  produced  by  the  protein  split 
products  resulting  from  the  inflammatory  condition. 

Intraperitoneal  injections  of  killed  bacteria  give  rise  to  a  more 
rapid  increase  in  the  serum  globulins.  The  rapidity  of  the  response 
following  intraperitoneal  as  compared  with  intravenous  injections 
doubtless  stands  in  intimate  relationship  to  the  neutralizing  power 
possessed  by  the  blood  serum  and  perhaps  to  the  more  extensive 
surface  of  absorption  following  injection  by  the  intraperitoneal  route. 

BIBLIOGRAPHY. 

1.  Brodie,  T.  G.,  A  Preliminary  Report  of  Some  E.\periments  upon  the  Chemis- 

try of  the  Diphtheria  Antitoxin,  /.  Path,  and  BaclcrioL,  1896-97,  iv,  460. 

2.  Seng,    W.,    Ueber    die   qualitativen   und    quantitativen   Verhaltnisse   der 

Eiweisskorper  im  Diphtherieheilserum,  Z.  Hyg.  u.  Infections-krankh.,  1899, 
xx.\i,  513. 

3.  Hiss,  P.  H.,  Jr.,  and  Atkinson,    J.    P.,    Serum-Globulin  and  Diphtheria 

Antitoxin.  A  Comparative  Study  of  the  Amount  of  Globulin  in  Normal 
and  Antitoxic  Sera,  and  the  Relation  of  the  Globulins  to  the  Antito.xic 
Bodies,  /.  Exp.  Med.,  1900-01,  v,  47. 

4.  Ledingham,  J.  C.  G.,  On   the   Relation  of  the   Antitoxin  to  the  Globulin- 

Content  of  the  Blood  Serum  during  Diphtheria  Immunisation,  /.  Uyg., 
1907,  vii,  65.  Gibson,  R.  B.,  and  Banzhaf,  E.  J.,  The  Quantitative 
Changes  in  the  Proteins  in  the  Blood  Plasma  of  Horses  in  the  Course 
of  Immunization,  J.  Exp.  Med.,  1910,  .\ii,  411. 

5.  Pfeiffer,   R.,   and    Proskauer,   B.,   Beitrage  zur   Kenntniss    der    spezifisch 

wirksamen  Korper  im  Blutseriun  von  choleraimmunen  Tierenj  Centr. 
BakterioL,  IteAbt.,  1896,  xix,  191. 

6.  Pick,  E.  P.,  Zur  Kenntniss  der  Immunkorper,  Beitr.  citem.  Phys.   u.   Path., 

1902,  i,  351,  393,  445. 


546  STtTDIES   ON   THE   BLOOD   PROTEINS.      I 

7.  Rodhain,   J.,   Bcitrag  zur   Kenntniss  der  wirksamen  Substanzen  des  Anti- 

streptokokkenserums,  Beitr.  chcm.  Pliys.  u.  Path.,  1902-03,  iii,  451. 

8.  Moll,  L.,   Uber  Blutveranderungen   nach   Eiweissinjektionen,    Beitr.    chem. 

Phys.  u.  Path.,  1904,  iv,  578. 

9.  Kolmer,  J.   A.,    and    Trist,   M.   E.,  Studies  in  Non-Specific   Complement 

Fixation.  I.  Non-Specific  Complement  Fixation  by  Normal  Rabbit  Serum, 
/.  Infect.  Dis.,  1916,  xviii,  20. 

10.  Robertson,   T.    B.,    A    Micro-Refractometric  Method  of  Determining  the 

Percentages  of  Globulin  and  .AJbumin  in  \'ery  Small  Quantities  of  Blood 
Serum,   /.  Biol.  Chcm.,  1915,  xxii,  233. 

11.  Robertson,  Studies  in  the  Blood  Relationship  of  Animals  as  Displayed  in 

the  Composition  of  the  Serum  Proteins.  I.  A  Comparison  of  the  Sera  of 
the  Horse,  Rabbit,  Rat,  and  Ox  with  Respect  to  Their  Content  of  V'arious 
Proteins  in  the  Normal  and  in  the  Fasting  Condition,  /.  Biol.  Chan.,  1912- 
13,  xiii,  325.  Wells,  C.  E.,  The  Influence  of  Age  and  Diet  on  the  Rel- 
ative Proportions  of  Serum  Proteins  in  Rabbits,  ibid.,  1913,  xv,  37. 

12.  Cole,    R.  I.,    Experimenteller    Beitrag   zur   Tj^jhusimmunitat,  Z.  Byg.  u. 

Infectionskrankh.,  1904,  xlvi,  371.  McWilliams,  H.  I.,  Is  the  Hyperleuco- 
cytosis  Following  the  Injection  of  Typhoid  Bacilli  into  Immunized  Rabbits 
Specific,  /.  Immunol.,  1916,  i,  159. 

13.  Langstein,  L.,  and    Mayer,  M.,  Uber    das    Verhalten    der    Eiweisskorjjer 

des  Blutplasmas  bei  experimenteUen  Infektionen,  Beitr.  chem.  Phys.  «. 
Path.,   1904,  V,  69. 

14.  CerveUo,   C,  Einfluss  der    Antipyretica    auf    die    Albimiinoide    des    Blut- 

serums.  Arch.  exp.  Path.  u.  Pharm.,  1910,  Ixii,  357.  Breinl,  F.,  Beitrag  zur 
Kenntnis  der  Senmieiweisskorper,  ibid.,  1911,  bcv,  309.  Glaessner,  K., 
Ueber  das  Verhalten  des  Blutglobulins  beim  Immunissirungsvorgange,  Z. 
exp.  Path.  u.  Therap.,  1906,  ii,  154. 

15.  Friedemann,  U.,  and    Isaak,  S.,    Ueber    Eiweissimmunitat    und    Eiweiss- 

stoffwechsel,  Z.  exp.  Path.  u.  Therap.,  1905,  i,  513. 

16.  Jobling,  J.  W.,  and    Petersen,  W.,    Bacteriotherapy   in    Typhoid    Fever, 

/.  Am.  Med.  Assn.,  1915,  Ixv,  515. 

17.  Moll,  L.,  Uber  kiinstliche  Umwandlung  von  .\lbumin  in   Globulin,   Beitr. 

chem.  Phys.  u.  Path.,  1904,  iv,  563;  Kiirzere  !Mitteilungen.  5.  Zur  kiinst- 
lichen  Umwandlung  von  Albumin  in  Globulin,  ibid.,  1906,  vii,  311. 


A     STUDY    OF    THE    BLOOD     IN     HEMOPHILIA* 
S.    H.    HURWITZ,    M.D.,    and    VV.    P.    LUCAS,    M.D. 

SAN     FRANCISCO 

INTRODUCTION 

During  the  past  few  years  the  etiology  of  the  hemorrhagic  diseases 
has  been  the  subject  of  considerable  study.  The  progress  made  in  this 
direction  has  been  due  largely  to  an  increase  in  our  knowledge  of  the 
physiology  of  blood  coagulation  and  to  the  development  of  new 
methods  of  study.  The  literature  of  this  period,  indeed,  has  even  given 
promise  of  an  etiologic  classification  of  hemorrhagic  disease,  but  to 
the  present  time  this  goal  has  only  been  partly  attained. 

It  has  been  possible,  for  instance,  to  demonstrate  that  certain  of  the 
hemorrhagic  conditions  are  associated  with  a  deficiency  in  one  or 
another  factor  of  coagulation :  there  are  on  record  instances  of  hem- 
orrhagic disease  associated  with  abnormalities  in  the  prothrombin  and 
antitlirombin  content  of  the  blood.*  There  is  also  experimental  evi- 
dence of  the  existence  of  certain  types  of  hepatic  disease  with  some 
tendency  to  abnormal  bleeding  due  to  a  deficiency  in  fibrinogen."  But 
on  the  other  hand  there  are  a  number  of  clinical  conditions  character- 
ized by  a  tendency  to  bleed,  which  at  the  present  time  cannot  be  rigidly 
classified  on  the  basis  of  a  defect  in  the  fibrin  factors. 

Certain  forms  of  purpura,  for  instance,  are  attributed  by  most 
workers  to  a  deficiency  in  the  number  of  blood  platelets.  Studies  on 
the  factors  of  coagulation  in  this  disease  have  for  the  most  part  yielded 
negative  results.^  But  repeated  examinations  of  the  blood  of  two 
patients  with  chroin'c  purpura  made  over  a  jjeriod  of  six  months  have 
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convinced  us  that  certain  chronic  types  of  the  disease  may  at  times 
show  blood  abnormalities  in  addition  to  a  platelet  deficiency.  Thus,  in 
the  patients  studied  by  us,  fluctuations  were  observed  at  different  times 
in  the  amount  of  circulating  antithrombin :  periods  of  antithrombin 
excess  occurred  in  waves  during  the  course  of  the  observations:  but  it 
could  not  be  demonstrated  that  the  increase  in  the  amount  of  antithrom- 
bin was  associated  in  any  definite  way  with  an  aggravation  in  the 
severity  of  the  clinical  symptoms.  These  few  observations  are  only 
suggestive,  and  from  them  alone  no  generalizations  are  permitted  con- 
cerning the  part  played  by  the  factors  of  coagulation  in  this  type  of 
hemorrhagic  disease.  It  is  not  unlikely,  however,  that  further  studies 
may  disclose  other  cases  with  a  similar  defect. 

On  the  other  hand,  recent  work  has  shown  that  the  cause  of  hemo- 
philia may  be  ascribed  with  considerable  certainty  to  an  abnormality  in 
one  of  the  factors  of  coagulation,  and  that  the  hemophilic  condition  is 
characterized  by  certain  reactions  of  the  blood  which  distinguish  it 
from  other  hemorrhagic  diseases.  It  is  the  purpose  of  this  paper  to 
present  confirmatory  evidence  in  support  of  this  view. 

VIEWS     CONCERNIXG     THE     CAUSE     OF     HEMOPHILIA 

The  nature  of  the  explanations  offered  for  the  causation  of  hemo- 
philia varies  with  the  theory  of  coagulation  adopted.  If  we  accept  the 
theory  of  Howell,  there  are  five  factors  concerned  in  the  clotting  of 
blood — prothrombin,  antithrombin,  thromboplastin,  fibrinogen  and  cal- 
cium. All  of  these  elements,  except  thromboplastin,  are  present  in  cir- 
culating blood.  Within  the  blood  vessels  prothrombin  is  held  in 
combination  with  antithrombin  and  intravascular  clotting  is  thereby 
prevented.  When,  however,  blood  is  shed,  the  antithrombin  is  neutral- 
ized by  the  thromboplastic  substance  of  the  tissue  juices.  The  liberated 
prothrombin  is  now  activated  by  the  calcium  and  the  thrombin  which 
results  converts  soluble  fibrinogen  into  the  insoluble  fibrin  or  the  clot. 

According  to  the  opposing  view  of  Morawitz,  only  four  possible 
factors  need  be  considered.  The  essential  feature  of  this  theory  centers 
about  the  activation  of  thrombin,  which,  it  is  contended,  results  from 
prothrombin  by  the  combined  activity  of  calcium  and  a  substance  desig- 
nated as  thrombokinase.  The  existence  of  antithrombin  in  the  circu- 
lating blood  is  admitted  by  Morawitz,  but  it  is  not  regarded  by  him  as 
an  essential  part  of  the  process. 

The  main  distinguishing  feature  of  the  hemophilic  condition  is  the 
greatly  prolonged  coagulation  time  of  the  blood  when  it  is  removed 
from  the  vessels  with  the  precatitions  necessary  to  prevent  its  contami- 
nation with  tissue  juices.  All  recent  workers  are  agreed  that  this  defect 
in  coagulation  is  a  constant  pathological  sign  of  the  disease;  but  dif- 
ferent explanations  have  been  given  by  dift'erent  workers  to  account 


for  the  delayed  coagulability,  lleniophilia  has  been  ascribed,  indeed, 
to  a  deficiency  in  one  or  another  of  the  various  elements  which  take  part 
in  the  clotting  of  normal  blood.  Without  entering  into  a  discussion 
of  the  experimental  evidence  given  by  each  observer,  it  may  be  well  to 
review  briefly  the  essential  fact  of  the  various  views  presented. 

Wright*  has  attributed  the  hemophilic  condition  to  a  deficiency  of 
calcium.  WeiF  has  given  some  experimental  evidence  for  the  view  that 
the  delayed  coagulability  of  hemophilic  blood  may  be  caused  by  the 
presence  of  an  excess  of  some  coagulation  inhibiting  body.  Sahli" 
and  Morawitz  and  Lossen,"  adopting  the  theory  of  coagulation  pro- 
posed by  Morawitz,  have  upheld  the  view  that  the  essential  defect  in 
hemophilic  blood  may  be  ascribed  to  insufficient  or  defective  formation 
of  thrombokinase.  This  view  is  shared  for  the  most  part  by  Nolf,* 
who  believes  hemophilic  blood  to  be  deficient  in  the  substance  desig- 
nated by  him  as  thronibozym  (thrombokinase,  thromboplastic  sub- 
stance). Aldis,"  however,  has  given  experimental  proof  for  the  view 
that  the  hemophilic  condition  is  due  to  a  change  in  the  properties  of 
the  circulating  prothrombin,  and  HowelP  has  concluded  that  not  the 
property  but  the, actual  amount  of  prothrombin  is  altered  in  hemoDhili' 
blood. 

During  the  past  year  we  have  had  an  opportunity  to  make  complete 
blood  studies  in  five  cases  of  hemophilia.  These  patients  all  exhibited 
the  hemophilic  condition  in  marked  degree,  although  it  was  not  possible 
to  obtain  a  definite  history  of  hemophilia  in  the  ascendants.  A  study 
of  the  blood,  however,  showed  in  each  instance  the  characteristic  delay 
in  the  coagulation  time  and  a  striking  deficiency  in  prothrombin.  From 
the  tabulated  results  it  will  be  seen  that  the  other  factors  of  coagula- 
tion were  present  in  normal  amounts.  With  one  or  two  exceptions,  the 
absolute  amount  of  antithrombin  present  in  hemophilic  btood  was  sel- 
dom greater  or  less  than  that  of  normal  blood;  and  the  amount  of 
fibrinogen  was  found  to  fluctuate  little  from  the  normal. 

Our  conclusions  support  the  view  that  the  deficiency  in  prothrom- 
bin is  a  constant  characteristic  of  the  hemophilic  condition.  On  the 
basis  of  this  observation,  it  is  essential  that  a  definition  of  hemophilia 
not  only  include  the  clinical  characteristics  of  excessive  and  immoderate 
hemorrhage  and  its  transmissibility  as  a  sex-limited  inheritance,  but 
also  in  addition  the  especial  reaction  of  hemophilic  blood  which  dis- 
tinguishes it  from  the  blood  of  other  hemorrhagic  diseases  also  charac- 
terized by  a  tendency  to  bleed. 
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METHODS     OF     STUDY 

1.  Determination  of  the  Coagulation  Time. — The  coagulation  time 
of  the  blood  was  determined  according  to  the  method  employed  by 
Moravvitz  and  Bierich'"  and  by  Howell.  A  specimen  was  obtained  by 
venous  puncture  into  a  syringe  coated  with  a  thin  layer  of  petrolatum- 
ether  mixture.  Of  the  sample  obtained,  2  c.c.  were  expelled  at  once 
into  a  thoroughly  cleaned  test  tube  measuring  about  13  to  14  mm.  in 
internal  diameter  (the  test  tubes  ordinarily  used  in  bacteriologic  labora- 
tories serve  well  for  this  purpose).  Tubes  of  the  same  diameter  were 
used  for  all  comparable  determinations.  The  observations  were  made  at 
a  constant  temperature  (about  25  C).  Complete  invertibility  of  the 
clot  was  taken  as  the  end  point  of  the  reaction.  In  each  instance  com- 
parison was  made  with  a  specimen  of  blood  taken  from  a  normal  indi- 
vidual with  the  same  precautions.  By  this  method  the  average  clotting 
time  of  normal  blood  obtained  in  twenty-one  tests  was  twenty  minutes 
with  a  minimum  of  eight  minutes  and  a  maximum  of  thirty-three 
minutes. 

It  may  be  well  to  emphasize  the  importance  of  painstaking  technic 
in  obtaining  blood  for  studies  on  the  factors  of  coagulation,  since  a 
careless  procedure  may  lead  to  erroneous  results.  In  studies  on  the 
fibrin  factors,  interest  centers  on  these  elements  as  they  exist  in  the 
circulating  blood  rather  than  on  their  behavior  when  blood  is  shed. 
The  latter  information  is  obtained  better  by  a  determination  of  the 
bleeding  time,'^  the  duration  of  which  depends  on  a  number  of  addi- 
tional factors :  the  potency  of  the  tissue  juices,  the  mechanical  and 
chemical  action  of  the  blood  platelets,  and  the  elasticity  of  the  skin. 

When  blood  is  obtained  by  skin  puncture,  admixture  with  tissue 
juices  invariably  results.  These  exert  an  influence  the  extent  of  which 
cannot  be  measured,  for  it  is  obviously  difficult  to  make  certain  that  con- 
trol specimens  will  be  exposed  to  the  same  wound  surface,  and  receive 
the  same  amount  of  contamination  with  thromboplastic  substance. 
This  point  is  well  illustrated  by  an  observation  on  the  blood  of  one 
of  Howell's^  patients  :  the  coagulation  time  of  2  c.c.  of  blood  with  which, 
owing  to  defective  technic.  some  tissue  juice  was  mixed,  was  10  minutes, 
whereas  the  same  amount  of  blood  obtained  at  the  same  time  directly 
from  a  vein  had  a  coagulation  time  between  four  and  live  hours. 

2.  Retraction  of  the  Clot  and  Enumeration  of  Blood  Platelets. — 
It  is  well  known  that  normally  a  blood  clot  quickly  retracts  from  the 
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sides  of  the  vessel  in  wliich  it  is  contained  and  expresses  serum.  This 
phenomenon  has  been  ascribed  to  the  presence  of  the  blood  platelets. 
A  deficiency  in  the  number  of  these  elements  and  nonretractility  of  the 
clot  has  been  found  to  be  a  constant  characteristic  of  some  hemor- 
rhagic conditions,  notably  purpura  hemorrhagica.  In  both  of  these 
respects,  most  observers  have  reported  hemophilic  blood  to  be  perfectly 
normal,  but  since  observations  on  the  character  of  clot  retraction  may 
be  made  during  a  determination  of  the  coagulation  time,  and  since  the 
enumeration  of  blood  platelets  is  not  difficult,  a  record  of  both  of  these 
factors  should  be  made,  if  possible,  in  all  complete  studies  of  the  blood 
in  hemorrhagic  conditions. 

The  presence  or  absence  of  clot  retraction  is  determined  simply  by 
incubating  the  clot  at  37.5  C.  for  from  twelve  to  twenty-four  hours. 
In  normal  blood  retraction  begins  after  several  hours,  and  is  complete 
within  eighteen  to  twenty-four  hours;  in  pathologic  blood,  on  tlie  con- 
trary, contraction  may  occur  only  after  a  long  time  or  not  at  all. 

For  the  enumeration  of  blood  platelets  a  number  of  methods  are 
available,  but  that  of  \\'right  and  Kinnicutt'-  appears  to  have  given  the 
most  reliable  results  in  the  hands  of  most  workers.  It  has  been  our 
experience  that  successful  counts  can  be  obtained  only  with  freshly 
prepared  solutions  and  with  perfectly  clean  apparatus. 

3.  Quantitation  of  the  Fibrin  Factors — Method  of  Notation. — The 
recorded  observations  include  only  determinations  of  prothrombin, 
antithrombin  and  fibrinogen.  There  is  little  of  positive  evidence  in 
favor  of  the  view  that  a  deficiency  of  calcium  exists  in  hemophilic 
blood  (Morawitz  and  Lossen,"  Nolf,**  Addis,"  and  Hess'^).  A  consid- 
eration of  this  factor,  therefore,  may  be  omitted  in  this  study.  Accord- 
ing to  the  best  experimental  proof  the  existence  of  a  thrombokinase  in 
the  sense  of  Morawitz  is  hypothetical.  What  is  usually  designated  as 
thromljokinase  in  the  blood  and  other  tissues  is  the  coagulation  accel- 
erating substance  known  under  the  terms  of  zymoplastic  (Schmidt)  or 
thromboplastic  substance  (Nolf  and  Howell).  Whether  or  not  this 
material  is  deficient  in  hemophilic  plasma  cannot  be  determined  with 
any  certainty  because  no  direct  method  of  studying  this  factor  is  avail- 
able. Some  information  concerning  this  substance  as  it  exists  in  the 
blood  can  be  obtained  b}'  an  enumeration  of  the  platelets;  for  these 
elements,  as  will  be  recalled,  are  an  important  source  of  thromboplastic 
substance.  But  information  obtained  from  this  source  is  incomplete, 
inasmuch  as  all  of  the  formed  elements  of  the  blood  have  been  shown 
to  possess  thromboplastic  properties  to  a  greater  or  less  extent. 


12.  Wright,  J.  H..  and  Kinnicutt.  R. :  A  New  Method  of  Counting  the  Blood 
Platelets,  Jour.  Am.  Med.  Assn.,  1911,  Ivi,  1457. 

13.  Hess,  A.  F. :  Bull.  Johns  Hopkins  Hosp.,  191S,  xxvi,  372. 


Prothrombin  and  Autithrombin. — The  methods  developed  by  Howell 
for  the  determination  of  prothrombin  and  antithronibin  have  been 
reviewed  extensively  in  recent  literature  (Howell,'  Drinker  and 
Hurwitz"),  and  only  brief  reference  to  them  will  be  made  in  this 
paper.  The  prothrombin  deficiency  which  forms  such  a  distinguish- 
ing feature  of  hemophilic  blood,  in  contras:  with  other  bloods,  is 
demonstrated  very  clearly  if  to  the  specimen  of  clear  plasma  obtained 
by  first  oxalating  and  centrifugalizing  the  blood,  calcium  chlorid  is 
added  in  optimum  concentration.  A  specimen  of  normal  blood  so 
treated  shows  usually  a  coagulation  time  as  measured  by  the  inverti- 
bility  of  the  clot  of  about  ten  minutes,  whereas,  the  clotting  time  of 
hemophilic  blood,  treated  in  a  similar  manner,  may  be  delayed  from  one 
to  four  or  five  hours. 

Protocol  1  gives  the  results  of  one  of  the  comparisons  made  between 
hemophilic  and  normal  blood  (Table  1),  and  shows  the  manner  in 
which  the  reaction  is  carried  out  in  practice. 


PROTOCOL  1.— Prothrombin  Test  (Case  3,  Nov.  1,  1915) 
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Partly  clotted  in  3  hours 

Clot  in  180  minutes 

Partly  clotted  in  3  hours 
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The  control  specimen  of  blood  in  this  particular  experiment,  it  will 
be  noted,  clotted  in  twelve  minutes.  In  order  to  indicate  the  extent 
of  the  delay  in  coagulation  shown  by  the  recalcified  plasma,  the  term 
prothrombin  quotient  has  been  introduced.  This  is  obtained  by  dividing 
the  coagulation  time  of  the  specimen  of  pathologic  plasma  containing 
the  optimum  amount  of  calcium  by  the  coagulation  time  of  the  normal 
blood  tested  at  the  same  time  and  by  the  same  method.  In  the 
present  instance  the  prothrombin  ciuotient  is  ISO  divided  by  12  or  15. 
This  indicates  in  a  rough  way  that  in  this  particular  experiment  the 
coagulation  time  of  hemophilic  blood  was  fifteen  times  that  of  normal 
blood.  In  subsequent  paragraphs  it  will  be  shown  that  this  figure, 
however,  has  no  especial  clinical  significance  inasmuch  as  the  gravity 
of  the  hemophilic  condition  has  not  been  found  proportional  to  the 
length  of  time  required  for  the  plasma  to  clot. 


14.  Drinker,    C.   K.,   and    Hurwitz,    S.    H. :   The   Factors   of   Coagulation    in 
Primary  Pernicious  Anemia,  The  Archives  Int.  Mep..  1915,  xv,  73Z. 


The  method  of  determining  the  amount  of  antithrombin  in  hemo- 
philic and  in  normal  blood  may  likewise  be  rendered  clearer  by  a 
specific  example  (Protocol  2). 

PROTOCOL  2.— Antithrombin  Test" 
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ANTITHROMBIN    QUOTIENT  =  ^%2   =    1-1 

The  use  of  the  term  antithrombin  factor  was  suggested  by  Denny 
and  Minot"^"  to  make  the  results  obtained  at  different  times  and  with 
different  reagents  comparable;  but  the  tenn  antithrombin  quotient 
appears  to  us  to  be  more  appropriate.  This  quotient  is  obtained  as  shown 
above  by  dividing  the  average  of  a  series  of  suitable  determinations  of 
the  pathological  blood  by  a  similar  figure  obtained  for  a  control  speci- 
men. It  is  obvious  that  if  the  antithrombin  content  of  the  patient's 
blood  and  that  of  a  control  are  the  same,  the  antithrombin  quotient  will 
be  about  unity.  Slight  fluctuations  above  or  below  one  are  within  the 
experimental  error  and  may  be  regarded  as  normal. 

Fibrinogen. — Determinations  of  fibrinogen  were  made  by  the  heat 
coagulation  method  described  in  a  previous  communication.''  We  are 
aware  that  this  method  of  estimating  fibrinogen  is  not  beyond  criticism, 
and  that  even  normal  individuals  may  show  considerable  variation  in 
the  amounts  of  fibrinogen  determined  in  this  way.  In  man,  however, 
these  fluctuations  are  not  so  great  as  in  healthy  animals.  For  clinical 
studies,  therefore,  this  method  is  sufficiently  accurate,  especially  if  it 
be  kept  in  mind  that  variations  in  the  amounts  of  fibrinogen  in  disease 
in  order  to  be  of  real  significance'  should  be  of  considerable  magnitude. 

4.  Quantitation  of  Scruin  Proteins. — The  availability  of  a  simple 
and  accurate  method  made  possible  a  study  of  the  different  serum  pro- 
teins in  each  of  the  five  patients  under  observation.  For  this  purpose 
the  microrefractometric  method  recently  described  by  Robertson'*  was 


15.  The  solutions  of  thrombin  and  fibrinogen  necessary  for  carrying  out  this 
test  were  prepared  according  to  Howell's  method  (Howell,  W.  H.,  Am.  Jour. 
Physiol.,  1913,  xxxii,  264). 

16.  Denny,  G.  P.,  and  Minot,  G.  R.:    Am.  Jour.  Physiol..  1915,  xxxviii,  233. 

17.  Whipple,  G.  H.,  and  Hurwitz,  S.  H. :    Jour.  Exper.  Med.,  1911,  xiii,  li6. 

18.  Robertson,  T.  B.:   Jour.  Biol.  Chem.,  1915,  xxii.  233. 


found  very  useful.  The  hemophilic  blood  is  allowed  to  clot  spontane- 
ously or  else  coagulation  is  hastened  by  shaking  with  glass  beads,  and 
determinations  are  then  made  of  the  serum  albumin,  serum  globulin, 
and  total  protein.  The  purpose  of  such  a  study  would  be  to  detect  the 
presence  of  any  abnormality  in  the  protein  partition  products,  should 
any  arise  during  the  clotting  of  pathological  blood.  So  far  as  the 
authors  are  aware,  this  phase  of  the  study  of  hemophilic  blood  has 
received  no  attention  from  previous  workers. 

5.  Fibrinolysis. — The  possible  occurrence  of  fibrinolytic  ferments 
in  the  blood  of  patients  exhibiting  hemorrhagic  tendencies  has  been 
entertained  by  several  observers.  Such  ferments  have  been  demon- 
strated in  some  intoxications  in  animals  and  in  man  in  certain  types  of 
leukemia  and  in  hepatic  insufficiency.'"  Morawitz  and  Lossen,"  who 
studied  this  point  in  hemophilia,  found  no  indication  of  fibrinolytic 
activity. 

The  test  is  easily  carried  out,  and  we  believe  should  be  done  as  a 
routine  on  every  specimen  of  pathological  blood  examined.  It  is  sim- 
ply necessary  to  incubate  the  clot  at  body  temperature,  and  to  observe 
whether  any  dissolution  occurs  in  the  stated  time  interval.  Since  the 
clot  from  any  specimen  of  blood  will  undergo  a  certain  amount  of  dis- 
solution if  left  in  its  serum  a  sufficient  length  of  time,  it  is  well  to 
restrict  the  term  pathological  fibrinolysis  to  instances  of  complete  clot 
dissolution  occurring  within  twelve  hours  when  the  blood  is  kept  at 
body  temperature. 

CLINICAL     RECORDS     AND     BLOOD     EXAMINATIONS 

In  a  thorough  analytical  study  of  the  hereditary  aspects  of  hemo- 
philia, Bulloch  and  Fildes-"  conclude  that  instances  of  probable  hemo- 
philia without  demonstrated  inheritance  are  comparatively  few.  It  is 
their  opinion  that  the  introduction  of  the  "de  novo"  concept  is  based 
on  the  inability  of  authors  to  demonstrate  the  line  of  inheritance  in 
their  cases.  When  it  is  remembered,  however,  that  the  other  bleeders 
necessary  to  establish  the  inheritance  of  the  condition  may  not  be  mem- 
bers of  the  same  family,  but  of  collateral  branches,  it  is  clear  that  the 
hereditary  characteristics  can  be  proved  only  with  great  difficulty. 

It  is  fair  to  state  that  cases  arising  spontaneously  or  "de  novo'' 
without  a  history  of  bleeding  in  the  family,  have  been  recorded,''  and 


19.  Goodpasture,  E.  W.:    Bull.  Johns  Hopkins  Hosp.,  1914.  xxv.  330. 

20.  Bulloch.  \V.,  and  Fildes,  P.:  Eugenic  Lab.  Memoirs.  Univ.  of  London.  1911. 
xii,  169. 

21.  Wright  reports  four  cases  without  a  hemophilic  ancestry  (Ref.  23,  p.  926)  ; 
Bulloch  and  Fildes  give  at  length  the  history  of  a  hemophilic  family  studied 
by  Gettings,  who  was  unable  to  find  any  instances  of  the  disease  among  the 
collaterals,  although  these  were  widely  inquired  into  over  a  number  of  genera- 
tions (Ref.  20,  pp.  191  and  343).  In  four  of  Schloessmann's  (See  Ref.  29)  seven 
patients  no  history  of  heredity  could  be  demonstrated,  and  this  was  true  of  one 
of  Howell's  patients. 


that  perhaps  too  much  stress  has  been  laid  on  the  hereditary  features. 
In  the  patients  observed  by  us  no  definite  history  of  hereditary  trans- 
mission could  be  obtained,  notwithstanding  care  in  questioning,  although 
it  is  not  unlikely  that  the  bleeding  tendency  existed  somewhere  in  the 
direct  ascendants  or  in  the  collateral  branches  of  these  families.  But 
it  is  not  justifiable  to  exclude  such  cases  from  the  group  of  hemophilia, 
because  there  is  no  evidence  of  a  similar  condition  in  the  family  records. 
As  has  been  shown  by  Howell,  hemophilia  is  characterized  by  certain 
properties  of  the  blood  which  distinguish  it  from  other  hemorrhagic 
diatheses.  These,  we  believe,  furnish  a  convenient  method  of  making 
a  diagnosis  of  hemophilia  even  in  the  absence  of  any  proved  history  of 
the  existence  of  the  disease  in  the  patient's  antecedents. 

Case  1. — Clinical  History. —  (Ho.spital  No.  6305).  George  R..  aged  6  years. 
American  born,  of  Swedish  parents,  was  admitted  to  the  University  of  Cali- 
fornia Hospital  first  in  October,  1913,  complaining  of  profuse  and  frequent 
nosebleed.  Since  then  the  patient  has  received  treatment  in  this  hospital  at 
four  different  times  (Hospital  Nos.  6867,  803S,  9355,  and  9572),  each  time 
for  excessive  hemorrhages  associated  with  his  hemophilic  condition. 

The  patient's  father  was  living  and  well,  his  mother  was  a  healthy  woman 
44  years  of  age.  .According  to  her  account  she  had  had  frequent  attacks  of 
epistaxis,  and  when  24  years  of  age  had  a  profuse  hemorrhage  following  the 
extraction  of  a  tooth.  She  had  noted  that  "black  and  blue"  spots  appeared 
occasionally  on  different  parts  of  her  body  following  slight  trauma.  Concern- 
ing the  patient's  ascendants,  no  definite  information  could  be  obtained;  nothing 
was  known  of  the  paternal  or  maternal  grandparents.  The  patient's  aunt  had 
four  or  five  boys  who  were  apparently  free  of  any  hemophilic  taint.  The 
patient  had  one  sister  9  years  of  age  who  was  in  perfect  health,  and  had  at 
no  time  shown  any  signs  of  a  hemophilic  tendency,  and,  according  to  studies 
of  her  blood,  there  was  no  abnormality  existing  at  the  present  time  (M.  R., 
Table  3).  Two  children  had  died  when  a  few  days  old.  The  cause  of  their 
death   was   not  known   to  the   mother. 

The  patient  was  a  full-term  child ;  his  development  had  been  normal.  The 
most  important  feature  of  his  past  history  was  an  attack  of  pertussis  at  the 
age  of  2''3  years.  The  frequent  hemorrhages  from  the  nose,  which  form  such 
a  persistent  symptom  of  his  present  condition,  dated  from*  this  infection.  In 
September,  1913.  several  weeks  previous  to  his  first  admission  for  epistaxis, 
the  patient  cut  his  hand  and  bled  for  four  days.  Bleeding  from  the  nose  con- 
tinued at  intervals  during  his  first  four  months'  stay  in  the  hospital.  At  times 
the  hemorrhages  were  very  severe  and  various  forms  of  treatment  were  tried: 
two  direct  transfusions  with  little  immediate  or  permanent  effect  on  his  condi- 
tion; and  the  injection  of  human  and  rabbit's  blood  serum  and  of  rabbit's 
whole  blood  both  subcutaneously  and  locally  to  the  bleeding  points. 

The  patient  was  again  admitted  for  profuse  epistaxis  twenty-two  days  fol- 
lowing his  discharge  from  the  hospital.  Two  days  after  entrance  he  had  a 
profuse  hemorrhage  from  the  stomach,  and  for  the  next  few  days  passed 
tarry  stools.  So  far  as  could  be  learned,  this  was  the  first  sign  of  the  gastro- 
intestinal hemorrhages  which  had  occurred  also  during  his  last  admission  to 
the  hospital.  The  treatment  this  time  consisted  simply  of  local  applications 
of  horse  serum  to  the  nasal  mucosa.  After  a  four  months'  stay  (Januarj',  1914, 
to  May,  1914)  the  patient  again  returned  in  October,  1914,  because  of  bleeding 
from  a  wound  in  the  chin.  In  June,  1915,  the  occurrence  of  nosebleed  and 
vomiting  of  blood  necessitated  the  patient's  re^mission  to  the  hospital.  The 
gastro-intestinal  hemorrhages,  which  had  appeared  first  in  Januarj',  1914,  had 
now  recurred. 


10 

Examination  and  Clinical  Course. — The  positive  physical  findings  were 
essentially  the  same  during  each  admission:  extreme  yellow  pigmentation  of 
the  skin,  sclcrae,  and  mucosae;  a  loud  blowing  systolic  murmur  and  a  palpable 
liver  and  spleen.  During  his  first  admission,  a  few  small  petechial  hemor- 
rhages were  noted  over  the  skin  of  the  chest,  abdomen  and  thigh ;  and  during 
his  last  admission  a  note  was  made  of  small  purpuric  areas  over  both  legs  and 
of  a  similar  area  of  large  size  about  the  left  elbow. 

This  time  the  patient  remained  in  the  hospital  about  three  months.  On 
the  first  and  second  days  following  his  admission,  he  received  two  subcu- 
taneous injections  of  his  father's  blood,  one  of  6  c.c.  and  one  of  20  c.c.  Bleed- 
ing from  the  nose  subsided,  and  the  hemoglobin  rose  gradually  from  15  to 
40  per  cent.  (Dare).  For  a  period  of  seventeen  days  (June  14  to  June  30) 
the  patient  was  fed  on  0.1  gm.  of  kephalin  daily."^  This  was  supplemented  by 
three  subcutaneous  injections  of  0.05  gm.  of  kephalin.  These  injections  caused 
a  rise  in  temperature,  and  small  areas  of  redness,  infiltration,  and  local  ten- 
derness. From  August  1  to  25  kephalin  in  doses  of  0.1  gm.  was  again  admin- 
istered by  mouth.  This  therapy  was  continued  with  the  hope  of  modifying 
the  coagulability  of  the  blood,  although  the  patient,  at  the  time  the  treatment 
was  undertaken,  had  no  severe  attacks  of  bleeding. 

CLINICAL     SUMMARY     AND     BLOOD     EXAMINATIONS 

Certain  points  in  the  history  of  this  patient  deserve  special  mention : 
first,  the  absence  of  a  definite  history  of  bleeding  in  the  family;  second, 
the  appearance  of  the  first  signs  of  uncontrollable  hemorrhage  at  the 
age  of  21/^  years  following  an  attack  of  whooping  cough,  and  their  per- 
sistence with  intermissions  for  a  period  of  five  years.  In  this  connec- 
tion it  is  of  interest  that  the  hemorrhages  had  been  confined  with  few 
exceptions  to  the  nasal  inucosa,  and  that  trauma  had  been  a  factor  in 
their  causation  only  twice ;  third,  the  absence  of  hemarthroses  and 
articular  effusions.  This  is  in  striking  contrast  to  the  clinical  histories 
of  Cases  2  and  3,  which  will  be  discussed  later. 

At  dififerent  times  during  the  patient's  stay  in  the  hospital  and  for 
a  period  following  his  discharge  from  the  hospital,  studies  were  made 
of  the  factors  of  coagulation  and  of  the  formed  elements.  For  pur- 
poses of  brevity,  the  separate  protocols  have  been  omitted  and  the 
results  presented  in  Table  1.  The  first  observations  on  the  blood  coagu- 
lability were  made  June  11,  five  days  after  a  persistent  nasal  hemor- 
rhage. The  coagulation  time  was  found  markedly  delayed,  335  minutes 
as  compared  with  thirty-two  minutes  for  a  normal  control.  Five  days 
previously  the  patient  had  received  several  small  injections  of  whole 
blood,  which  apparently  had  not  influenced  his  condition.  The  pro- 
thrombin, as  will  be  noted  from  the  table,  showed  the  deficiency  charac- 
teristic of  this  disease;  the  coagulation  time  of  the  recalcified  plasma 
being  about  nine  times  as  great  as  the  control.  Antithrombin  was  pres- 
ent in  very  slight  excess.  A  second  observation  made  September 
2  following  an  interhemorrhagic  period  of  two  months,  showed  the 
same  marked  delav  in  coagulation,  although  to  a  less  extent ;  but.  as 


22.  The  kephalin  used  in  these  studies  was  prepared  according  to  the  method 
outlined  by  Howell  (Am.  Jour.  Physiol.,  1912-1913,  xxxi,  1). 
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will  be  noted,  the  deficiency  in  prothrombin  was  found  to  be  actually 
more  marked.  This  observation  illustrates  clearly  that  the  extent  of 
the  delay  in  coagulation  is  demonstrated  with  greater  accuracy  if  the 
blood  is  first  oxalated  and  then  recalcified.  The  antithrombin  at  this 
time  was  present  in  normal  amount,  and  remained  uninfluenced  by  the 
administration  of  kephalin  during  the  months  of  July  and  August. 

Six  weeks  after  the  patient's  discharge  from  the  hospital  another 
examination  of  the  blood  was  made  (October  18).  This  observation  is 
of  extreme  interest,  because  the  blood  obtained  with  the  usual  precau- 
tions and  without  admixture  with  tissue  juices  showed  a  more  rapid 
coagulation  time  and  a  less  striking  prothrombin  deficiency.  Anti- 
thrombin was  present  in  normal  amount  and  the  fibrinogen  was  slightly 
increased.  It  is  difficult  to  explain  this  great  increase  in  the  coagula- 
bility of  the  blood.  A  similar  improvement  was  noted  also  in  Case  5,  to 
which  reference  will  be  made  later.  It  would  appear  that  coincident 
with  the  waves  of  improvement  observed  clinically  in  these  patients, 
there  may  also  be  some  alteration  in  the  coagulability  of  the  blood. 
This  improvement,  however,  was  temporary,  for  two  final  observations, 
one  on  November  10  and  another  December  15,  exhibited  the  same 
delay  in  coagulation  and  the  same  prothrombin  deficiency  as  were 
recorded  in  June.  The  prothrombin  observations  in  this  patient  showed 
that  this  factor  is  diminished  in  the  interhemorrhagic  interval  as  well 
as  during  the  period  of  active  hemorrhage.  The  observations  indicate, 
however,  that  this  deficiency  in  prothrombin  may  be  less  striking 
immediately  following  a  period  of  profuse  bleeding. 

From  the  tabulated  results,  it  is  apparent  that  the  retractility  of  the 
blood  in  this  instance  was  normal.  This  is  well  in  keeping  with  the 
persistence  of  a  normal  platelet  count  throughout  the  period  of  observa- 
tion. These  elements  had  been  followed  in  this  patient  for  over  a  year 
(Table  4)  but,  with  two  exceptions,  they  had  been  found  normal  or 
above  normal.  The  table  contains  also  observations  on  the  number  of 
white  corpuscles  and  the  relative  percentage  of  each  found  in  over 
twenty-five  counts.  It  will  be  seen  that  the  average  number  of  leuko- 
cytes in  this  series  was  2,150  and  that  of  these  53  per  cent,  were  poly- 
morphonuclear elements.  This  is  in  harmony  with  the  observations  of 
Wright"^  and  of  Sahli,"  both  of  whom  found  a  subnormal  number  of 
leukocytes  and  a  smaller  percentage  of  polymorphonuclear  cells  in 
hemophilic  blood. 

No  fibrinolytic  activity  was  noted  in  the  blood  of  this  patient,  and 
an  analysis  of  the  serum  expressed  from  the  clot  after  its  slow  forma- 
tion showed  a  normal  percentage  of  serum  albumin  and  of  serum 
elobulin. 


23.  Wright.  A.  E.:    Allbutt's  System  of  Medicine.  1909,  v,  935. 
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Case  2.— Clinical  History.— (Hospital  Nos.  100S5  and  10343).  James  McC, 
aged  6  years,  was  admitted  to  the  University  of  California  Hospital,  October, 
1915.  Three  days  before  admission  the  patient  fell  and  struclc  his  left  eye. 
The  wound  thus  received  was  still  bleeding  on  admission. 

Although  the  parents  were  carefully  questioned,  no  history  of  any  hemophilic 
tendency  in  the  immediate  ascendants  could  be  obtained.  The  paternal  grand- 
father was  78  years  old  and  in  good  heafth ;  the  paternal  grandmother  died 
of  cancer  at  the  age  of  48  years.     The  maternal  grandmother  was  71   years 


TABLE  1.— Summary  of  BLOot 


Case 

Date 

Hydrogen- 
Ion  Cone. 
PH' 

Coagulation  Time. 
Minutes 

Retrac- 
tility of 
Clot 

Fibrino- 
lysis 

Platelets 
(Thrombo- 
plastin) 

Patient     Control 

• 

Case  1,  G.  R 

n/11 

335                32 

+ 

0 

352,000 

9/1-: 

:.R 

195                 15 

+ 

0 

10,18 

23                16 

-H- 

0 

296.000 

11/10 

-.75 

240                19 

-1- 

0 

12/15 

220                30 

- 

0 

Case  2,  J.  McC 

10/  8 
10/18 
10/21 

7.65 

49                16 
240        1        19 

4- 

0 

560.000 
(Oct.  12) 

192,000 

10/28 

180                30 

- 

0 

11/  5 

120                20 

-r 

0 

12/  3 

180                13 

4- 

0 

12/  8 

170                15 

^ 

^.o 

12/15 

138                30 

-1- 

0 

12/20 

210                 20 

-T- 

0 

Case  3,  D.  McC 

10/11 

225                 20 

-1- 

0 

11/  1 

7.75 

240                 18 

+ 

0 

12    3 

180                15 

+ 

0 

12/  8 

240                 15 

+ 

0 

12/15 

7.7 

145                 30 

+ 

0 

160,000 

12/20 

240                 20 

+ 

0 

"  The  reaction  of  the  blood  was  determined  colorimetrically  by  the  method  proposed  by 
Levy,  Rowntree  and  Marriott   (The  Archives  Int.  Med.,  1915,  -wi,  389). 

of  age;  she  had  two  brothers  and  five  sisters,  who  were  well.  So  far  as 
could  be  learned,  the  sister's  children  were  well,  none  having  been  troubled 
with  bleeding.  The  patient's  mother  was  of  a  family  of  two  brothers  and 
three  sisters.  The  brothers  were  well.  The  one  sister  had  two  boys,  both  of 
whom  were  well. 

The  hemophilic  tendency  was  first  noted  by  the  mother  when  the  child 
was  3  months  old.  At  that  time  she  had  noticed  the  appearance  of  "black  and 
blue"  swellings  over  the  soles  of  the  feet  and  the  backs  of  the  elbows  following 
the  slightest  trauma.  When  2  months  old  the  child  fell  and  struck  his  head. 
A  large  hematoma  formed,  which  was  opened.  Bleeding  from  the  wound 
continued  for  about  two  months  and  left  the  child  extremely  exsanguinated. 
At   the   age   of   17   months   the   patient   nicked   his   gum   by   the   upper   central 
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incisors  and  bled  for  a  period  of  two  weeks.  At  2Vi  years  of  age,  and  again 
when  4  years  of  age,  severe  attacks  of  bleeding  followed  injuries  above  the 
right  eye. 

Joint  effusions  occurred  repeatedly ;  the  slightest  trauma  to  an  exposed 
joint  having  been  followed  by  a  painful  swelling  with  areas  of  discoloration. 
The  knees  had  suffered  more  than  any  other  joints,  and  as  a  result  of  tlie 
repeated  attacks  these  joints  had  become  somewhat  deformed,  and  showed 
considerable  limitation  of  motion. 


EXAMIN.^TIONS    IN    CaSES    1,    2    AND    3 


Prothrombin 

Antithrombin 

Fibrinogen 

in  Gm. 
per  100  c.c. 

Treatment 

Patient 

Oontrol  1  Quotient 

Patient 

Oontrol 

Quotient 

7fi 

S 

9.5 

44 

40 

1.1 

Ten  cubic  centimeters  wliole  blood 
given  subcutaneously  June  5,  and 

180+ 

• 

25    + 

36 

40 

0.9 

20  c.c.  June  6.  Kephalin  5  c.c. 
C0.05     gm.)     subcutiineously     on 

57 

10 

5.7 

40 

47 

0.8    - 

0.494 

July  1.  4  and  7.  Elevation  of 
temperature  to  40  C.  and  local 
reaction.  Kephalin  0.1  gra.  doses 
daily  Irom  August   1  to  August 

160 

i: 

9.4 

61 

82 

0.8 

25. 

60 

H 

4.3 

28 

20 

1.4 

October  7  and  8  wound  packed 
with    sterile    cotton     soaked    iu 

195 

10 

19 

37 

47 

O.S 

0.420 

2.5  per  cent,  sterile  kephalin  and 
firm  pressure  applied.  Twelve 
intramuscular  injections  of  5  c.c. 
kephalin     (2.5    per    cent,     sterile 

90 

V-} 

4.7 

63 

67 

0.0 

0.366 

solution)  from  October  7  to  15, 
and    9    intramuscular    injections 

60 

10 

6.0 

oj  5  c.c.  kephalin  (1  per  cent, 
in  G  per  cent,   glucose  solution) 

S5 

15 

5.6 

91 

38 

2.3 

from  October  K  to  37.  Decem- 
ber 1  to  4  and  S  to  11  inclusive. 

72 

25 

2.8 

103 

103 

1.0 

exposure  of  tibiae  and  femora  to 
Roentgen    rays.      Dose,    5    milli- 

115 

17 

6.7 

SO 

99 

0.5 

ampere  minutes. 

200 

14 

14 

130 

149 

0.9 

150— 

12 

12   - 

44 

32 

1.3 

December  1  to  4  and  S  to  11  in- 
clusive,  exposure   of   tibiae   and 

ISO 

12 

15 

57 

52 

1.1 

0.250 

femora  to  Roentgen  rays.  Dose, 
5    milliampere    minutes.     Discon- 

85 

1.7 

5.6 

92 

38 

2.3 

tinued  after  this  time  because  of 
low  platelet  count  and  prolonga- 

93 

25 

3.8 

... 

... 

tion  of  bleeding  time. 

127 

17 

7.4 

116 

119 

1.0 



180 

14 

12 

128 

149 

0.9 

Examination  and  Clinical  Course. — Apart  from  the  condition  in  the  knee 
joints  the  local  injury  was  the  chief  feature  in  the  physical  examination.  The 
left  eye  was  swollen  and  completely  closed ;  a  large  area  of  ecchymosis  extended 
over  both  eyelids  and  over  the  upper  part  of  the  left  cheek.  Blood  was  oozing 
from  the  small  incised  wound,  which,  however,  was  found  to  be  fairly  deep. 

Soon  after  admission  the  wound  was  cleaned  and  packed  with  gauze 
saturated  in  a  2Va  per  cent,  solution  of  kephalin,  which  had  been  freshly  pre- 
pared and  sterilized.  Some  of  the  kephalin  mixed  with  sterile  vaselin  was 
made  into  a  paste  and  also  packed  into  the  wound.  This  treatment  was 
repeated  several  times,  and  each  time  firm  pressure  was  applied.  By  this 
ineans  the  external  oozing  was  controlled  within  twelve  hours,  but  some  extra- 
vasation of  blood  still  continued  into  the  tissues  as  was  apparent  from  the 
discoloration  which  spread  over  the  whole  of  the  left  side  of  the  face.    Within 
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five  days,  however,  the  swelling  and  ecchymosis  had  commenced  to  disappear. 
On  the  sixth  day,  the  pack  was  removed  from  the  wound  without  the  occur- 
rence of  any  bleeding.  As  indicated  in  Table  1,  the  local  application  of 
kephalin  was  supplemented  by  intramuscular  injections:  twelve  injections  of 
5  c.c.  each  of  a  2%  per  cent,  solution  of  kephalin  in  water  were  given  from 
October  7  to  October  IS;  and  nine  such  injections  of  a  1  per  cent,  solution 
in  6  per  cent,  dextrose,  from  October  16  to  October  27.  Notwithstanding  the 
frequent  repetition  of  these  injections,  no  local  induration  or  tenderness 
appeared,  nor  did  the  patient  show  any  untoward  constitutional  symptoms. 

Three  weeks  after  admission  a  slight  trauma  of  the  right  ankle  caused  a 
hemarthrosis  which  subsided  within  a  week,  but  for  which  the  patient  was 
readmitted  several  weeks  later.  During  this  second  admission,  the  effects  of 
suberythema  doses  of  Roentgen  ray"'  on  the  factors  of  coagulation  was  tried. 
Exposure  of  the  long  bones  was  made  daily  from  December  1  to  4  and  from 
December  8  to  11  with  an  intermission  of  four  days.  The  principles  under- 
lying this  mode  of  treatment  and  its  value  in  this  disease  will  be  discussed 
in  subsequent  paragraphs. 

C.^SE  3. — Clinical  History. —  (Hospital  No.  10345).  Daniel  McC.  aged  9  years, 
brother  of  James  McC,  was  admitted  in  November,  1915,  complaining  of  swell- 
ing and  pain  in  the  left  knee  joint. 

Both  brothers  gave  strikingly  similar  histories ;  in  the  younger  of  the  two, 
the  symptoms  of  the  disease  had  also  appeared  early  in  infancy.  The  mother 
stated  that  when  the  child  was  3  months  old,  she  had  noticed  for  the  first 
time  bluish  areas  of  discoloration  over  different  parts  of  the  body  subjected 
to  the  slightest  injury.  When  11  months  old,  on  first  attempting  to  walk,  the 
child  injured  his  right  knee.  This  injury,  although  not  severe,  caused  an 
effusion  into  the  joint.  From  that  time  to  the  present,  considerable  difficulty 
had  been  experienced  with  bleeding  from  minor  accidents,  three  very  severe 
hemorrhages  having  occurred  between  the  ages  of  five  and  seven  years :  two  of 
these  followed  cuts  over  the  right  and  left  eyes,  and  one  followed  an  injury 
to  the  palm  of  the  right  hand,  from  which  oozing  continued  for  four  months. 
Nearly  every  exposed  joint  in  the  body  had  been  the  site  of  an  effusion.  At  the 
age  of  4  years  a  fall  on  the  left  elbow  resulted  in  complete  disability  for  a 
period  of  a  year.  When  8  years  of  age,  another  severe  hemorrhage  followed 
the  loosening  of  an  incisor  tooth. 

Examination  and  Clinical  Course. — Many  ecchymotic  areas  of  varying  size 
were  present  over  the  arms  and  legs.  These,  together  with  the  joint  mani- 
festations, constituted  the  chief  findings  on  physical  examination.  .'Ml  of  the 
joints  were  found  somewhat  enlarged,  but  the  knees  were  principally  affected. 
The  right  knee  was  irregular  in  contour,  and  showed  some  impairment  of 
motion.  The  left  knee  was  swollen  and  tender.  A  few  ecchymotic  areas  were 
present  above  and  below  the  patella.  Roentgenograms  of  the  left  knee  showed 
marked  distention  of  the  synovial  sac  and  some  loss  in  definition  of  the  articu- 
lar surfaces.  The  latter  presented  the  appearance  of  a  chronic  arthritis.  Five 
days'  rest  in  bed  and  moderate  immobilization  of  the  joint  caused  some 
absorption  of  the  effusion  and  a  subsidence  of  the  pain ;  but  the  effusion 
returned  following  a  repetition  of  the  trauma,  once  fourteen  days  and  again 
twenty-four   days    after   admission. 

In  this  patient  also  a  study  was  made  of  the  effect  of  short  exposures  to 
the  Roentgen  ray  on  the  coagulability  of  the  blood.  Eight  exposures  of 
5  milliampere  minutes  each  were  given,  the  interval  between  each  four  expo- 
sures being  four  days.  At  the  end  of  this  period  the  exposures  were  stopped 
because  the  reduction  in  the  number  of  platelets  and  the  prolongation  of  the 
bleeding  time  made  it  unwise  to  continue  the  treatment. 


24.  Exposure  made  at  12  inch  target  skin  distance  with  Coolidge  tube,  3  mm. 
aluminum  filter,  6  inch  parallel  spark  gap,  5  milliampere  minutes.  1/20  erythema 
dose.  We  are  much  indebted  to  Dr.  H.  E.  Ruggles  of  the  University  of  Cali- 
fornia Hospital  for  making  the  exposures. 
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CLINICAL    SUMMARY     AND    BLOOD     EXAMINATIONS    OF    CASES    2     AND    3 

The  clinical  histories  of  both  brothers  differed  in  several  interesting 
points  from  that  of  Case  1.  In  them  the  first  symptom  of  the  hemo- 
philic condition  made  its  appearance  in  early  infancy.  The  application 
of  trauma  was  for  the  most  part  the  initiating  cause  of  the  hemorrhages 
beneath  the  skin,  from  the  open  wounds,  and  into  the  synovial  sacs. 
Repeated  involvement  of  the  joints,  especially  the  knees,  was  one  of 
the  most  striking  symptoms  in  botli  patients,  and  in  each  instance  these 
articular  lesions  resulted  in  chronic  arthritis  with  deformity  and 
disability. 

The  blood  of  each  of  these  patients  showed  during  every  examina- 
tion the  characteristic  prothrombin  deficiency.  It  will  be  noted,  how- 
ever, that  wide  fluctuations  in  this  factor  were  observed  from  time  .to 
time.  These  variations  may  best  be  considered  in  connection  with  the 
clinical  condition  and  the  form  of  treatment  which  was  carried  out. 
The  first  examination  of  the  blood  in  Case  2  was  made  four  days  after 
the  onset  of  bleeding  (October  8).  As  the  tabulated  results  indicate, 
the  coagulability  of  the  blood  during  this  period  was  markedly 
increased.  This  is  the  only  time  that  such  a  diminution  in  coagulation 
time  during  an  attack  of  hemorrhage  was  observed  in  any  of  the 
patients.  Increased  coagulability  of  the  blood,  on  the  other  hand,  has 
been  noted  twice  during  the  interhemorrhagic  period  (Cases  1  and  5). 
It  would  seem,  therefore,  that  the  contention  of  Sahli'^  that,  during  the 
hemorrhagic  period  hemophiliacs  usually  show  a  reduced  or  even  a 
normal  coagulation  time,  is  not  supported  by  our  studies. 

In  other  respects  the  blood  of  both  brothers  showed  no  abnormali- 
ties. Clot  retraction  was  normal,  and  the  percentages  of  the  serum 
proteins  and  the  plasma  fibrinogen  did  not  vary  widely  from  values 
obtained  for  normal  blood.  With  one  exception,  the  antithrombin 
factor  approximated  one.  In  both  patients  a  transitory  antithrombin 
excess  was  observed  about  forty-eight  hours  following  the  commence- 
ment of  exposure  to  the  Roentgen  rays.  The  effect  of  such  exposures 
on  the  prothronibin-antithrombin  balance  will  be  discussed  later. 

Case  4. — Clinical  History. — .Arthur  S.,  aged  13  years,  came  to  the  dental 
clinic  of  the  University  of  California  in  June,  1915,  complaining  of  toothache. 
Because  of  his  unusual  history  of  repeated  attacks  of  uncontrollable  hemor- 
rhage, Dr.  C.  R.  Giles  kindly  referred  him  to  us  for  observations  on  the 
coagulability  of  the  blood. 

So  far  as  we  could  learn  from  the  patient's  mother,  no  bleeding  tendency 
had  existed  in  any  members  of  her  family.  She  had  four  sisters,  all  of  whom 
had  boys,  but  none  of  these  had  a  similar  trouble.  She,  herself,  had  lost 
one  boy,  aged  5  years,  on  account  of  some  internal  hemorrhage  following  an 
accident.  But  it  was  not  possible  to  find  out  the  exact  circumstances  attending 
this  boy's  death.  It  is  of  interest  that  this  child  was  not  circumcised  because 
it  was  feared  that  the  operation  might  result  in  an  attack  of  uncontrollable 
bleeding. 
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The  patient  showed  the  first  signs  of  the  hemophilic  tendency  in  early 
infancy.  Circumcision  performed  ten  days  after  birth  was  attended  by  pro- 
fuse bleeding  from  the  wound  lasting  for  a  number  of  days.  From  that  time 
to  the  present  great  difficulty  had  been  experienced  with  bleeding  from  minor, 
accidents.  When  1  year  old  the  patient  bit  his  tongue  and  bled  profusely 
for  six  days.  A  similar  accident  to  the  gums  two  and  a  half  years  later 
again  resulted  in  a  profuse  hemorrhage.  This  was  unaffected  by  the  applica- 
tion of  styptics  and  the  thermocautery.  The  first  attack  of  epistaxis  occurred 
at  the  age  of  4  years,  and  since  then  the  attacks  have  been  frequent,  especially 
in  warm  weather.  Three  very  severe  hemorrhages  occurred  between  the  ages 
of  6  and  10  years :  the  first  followed  an  injury  to  the  hand,  which  bled  for 
over  a  week;  the  second  and  third  attacks  of  bleeding  were  occasioned  by 
extraction  of  teeth.  Several  months  ago  the  patient  again  had  four  teeth 
extracted,  and  bled  for  seven  to  eight  days. 

Case  5. — Clinical  History. — Edward  O.,  aged  11  months,  came  under  observa- 
tion in  October,  1915.  The  patient  was  seen  first  by  Dr.  Florence  M.  Holsclaw, 
to  whom  we  are  much  indebted  for  the  opportunity  of  studying  the  blood  and 
for  the  clinical  notes. 

TABLE  2.— Summary  of  Bloo:i 


I 


Case 

Date 

Hydrogen- 
Ion  Cone. 
+ 
P  H 

Coagulation  Time, 
Minutes 

Retractility 
of  Clot 

Fibrino- 
lysis 

Patient           Control 

Case  4, 

A.  S 

6/21 

150                     23 

+ 

0 

10/29 

7.8 

210                     31 

+ 

0 

11/20 

7.7 

150                      SO 

+ 

0 

Case  5, 

E.  0 

10/26 

... 

305                       30 

+ 

0 

11/18 

7.6 

SO                        8 

+ 

0 

12/15 

... 

.... 

12/20 

120            1           20 

+  + 

0 

The  baby  was  an  illegitimate  child,  and  because  of  this  circumstance, 
information  concerning  the  family  history  was  not  obtainable.  The  essential 
facts  regarding  the  child's  health  since  birth  and  the  circumstances  pertaining 
to  the  present  illness  were  obtained  from  Dr.  Holsclaw's  records.  From  this 
account  it  was  apparent  that  the  child  had  been  in  perfect  health  before  the 
onset  of  the  present  illness.  A  week  before  the  baby  came  under  observation, 
the  nurse  had  noticed  several  "black  and  blue"  spots,  both  large  and  small, 
scattered  over  the  body.  It  was  also  noted  that  the  child  was  fretful,  nervous, 
and  wakeful  at  night.  Two  days  following  the  appearance  of  the  ecchymoses 
on  the  body,  similar  ones  were  noticed  over  both  cheeks,  and  a  few  days 
later  (October  21)  a  large  swelling  involving  the  whole  of  the  left  cheek 
appeared.  The  skin  over  the  swelling  was  discolored,  tense,  and  shiny,  and 
the  veins  over  it  were  dilated.  The  interior  of  the  mouth  was  dark  purplish 
in  color.  There  was  also  a  bulging  inside  apparently  due  to  an  effusion  of 
blood  under  the  mucous  membrane.  Palpation  of  this  swelling  did  not  elicit 
pain,  and  there  w'as  no  elevation  of  temperature. 

The  baby  was  taken  to  Lane  Hospital,  October  22,  where  the  coagulation 
time  of  the  blood  was  tested  (.\ddis").  This  was  only  roughly  estimated,  since 
it  seemed  undesirable  to  puncture  a  vein  or  even  to  make  a  new  skin  puncture. 
Only  Hood  oozing  from  a  puncture  in  the  big  toe  made  some  hours   before 
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was  available.  Capillary  tubes  were  filled  with  this  blood,  and  these  were 
used  for  estimating  the  coagulation  time.  In  two  tubes  times  of  seventeen  and 
twenty  minutes  were  observed  as  compared  with  a  normal  of  seven  minutes. 
During  the  next  few  days  the  swelling  and  ecchymosis  of  the  left  cheek 
had  begun  to  disappear,  and  bleeding  from  the  needle  prick  made  in  the  big 
toe  three  days  previously  (October  23)  was  at  length  stopped  by  pressure. 
October  26  the  child  was  brought  to  the  University  of  California  Hospital 
where  venipuncture  was  done  for  a  study  of  the  factors  of  coagulation.  Two 
similar  examinations  were  made  subsequentlj',  one  November  18  and  another 
December  20.  At  the  time  the  patient  was  seen  last,  the  swelling  of  the  cheek 
had  almost  entirely  disappeared,  the  "black  and  blue"  spots  had  faded,  and 
the  child's  general  condition  was  excellent. 

EXAMINATION     OF     THE     BLOOD 

The  main  points  derived  from  a  study  of  the  blood  of  both  of  these 
patients  have  been  presented  in  Table  2.  In  a  general  way  the  findings 
in  these  cases  correspond  to  those  recorded  in  Table  1,  but  it  may  be 

Ex.\MiXATioNS  IX  Cases  4  axd  5 


Platelets 
(Thrombo- 
plastin) 

Prothrombin 

Antithrombin 

Fibrinogen 

in  Gm. 
per  100  c.c. 

Patient 

Control 

Quotient 

Patient 

Control 

Quotient 

200,000 

73 

9 

8 

14 

17 

0.3 

0.378 

90 

16 

6 

43 

37 

1.1 

0.425 

352,000 

120 

12 

10 

31 

28 

1.1 

0.390 

».O0O 

170 

19 

9 

50 

63 

1.0 



SO 

17 

5 

120 

90 

1.3 

248,000 

... 

296.000 

200 

14 

14 

170 

149 

1.1 

well    to    call    attention    to    several    features    which    deserve    special 
consideration. 

During  the  period  of  observation,  the  fourth  patient  had  no  attacks 
of  bleeding,  but  the  blood  showed,  nevertheless,  the  characteristic  delay 
in  coagulability  and  a  marked  prothrombin  deficiency.  All  of  the  other 
elements,  as  will  be  noted,  were  normal.  The  first  observation  in  Case 
5,  on  the  other  hand,  was  made  only  a  few  days  after  the  onset  of 
hemorrhage,  and  while  the  patient  was  still  bleeding.  It  will  be 
observed  that  the  coagulation  time  was  markedly  prolonged,  and  the 
prothrombin  much  reduced  in  amount.  During  a  subsequent  examina- 
tion, however,  made  about  three  weeks  later,  when  active  bleeding  had 
entirely  ceased,  great  improvement  was  noted  also  in  the  condition  of 
the  blood ;  but  as  is  characteristic  of  this  disease,  the  increase  in  blood 
coagulability  was  only  temporary,  for  a  third  observation  a  month  later 
showed  a  return  to  the  initial  condition. 
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The  observations  on  the  blood  platelets  in  this  patient  are  of  extreme 
interest.  It  will  be  recalled  that  a  small  skin  puncture,  made  several 
days  after  the  onset  of  the  symptoms,  bled  for  about  three  days  not- 
withstanding the  application  of  firm  pressure.  This  extreme  prolonga- 
tion of  the  bleeding  time  is  well  in  keeping  with  the  low  platelet  count 
(64,000)  obtained  at  this  period.  Enumeration  of  these  elements  about 
two  months  later,  when  all  signs  of  acute  hemorrhage  had  disappeared, 
showed  them  to  be  normal.  It  is  justifiable  to  conclude,  therefore,  that 
the  extreme  prolongation  of  the  bleeding  time  was  due  in  this  instance 
to  a  deficiency  in  blood  platelets.  None  of  the  other  patients  observed 
showed  such  a  marked  platelet  deficiency ;  and  it  would  appear  that  its 
occurrence  is  rare  in  hemophilia,  although  reduction  in  the  number  of 


TABLE  3. — Results  of  Examination  of  Blood  of  Sister  of  Case  1  and  of 
Mother  and   Sisters  of  Cases  2  and  3 


Case 

Member  61  Family 

Ooagulatlon 

Time, 

Minutes 

Prothrombin 

Antithrombin 

Pa- 
tient 

Con- 
trol 

Pa- 
tient 

Con- 
trol 

Quo- 
tient 

Pa- 
tient 

Con-        Quo- 
trol        tIent 

1 
2 

Sister  (M.E.) 

Sister  (Agnes  McC.).... 
Sister  (Adeline  McC.).. 
Mother 

23 

23 
20 
16 

20 
23 
19 

9 

12 
12 
U 

10 

9 
10 

10 

0.9 

1.S 
1.2 
1.4 

17 

58 
52 
20 

19           0.9 

49      '      1.1 
60            1.0 
26      1     0.8 

these  elements  has  been  noted  by  some  observers.-''  Of  interest  also 
is  the  fact  that  the  prothrombin  remained  lov/  even  when  the  platelets 
had  returned  to  a  normal  level.  The  relation  of  blood  platelets  to  the 
origin  of  prothrombin  will  be  considered  in  another  connection. 


DISCUSSION     OF     RESULTS 

Apart  from  the  special  abnormality  in  the  fibrin  factors  to  wliich 
reference  has  been  made,  a  study  of  the  blood  of  our  hemophilic  patients 
showed  that  hemophilic  and  normal  bloods  differ  in  no  other  respect. 
According  to  our  observations,  a  change  in  the  activity  of  the  fibrin 
factors  is  not  due  to  any  alteration  in  the  reaction  of  the  blood,  for 
we  have  found  the  hydrogen-ion  concentration  of  hemophilic  blood 
serum  to  vary  little  from  that  of  normal  blood.  There  also  is  no  abnor- 
mality in  clot  retractility,  which  constitutes  the  third  phase  of  coagula- 
tion.    In  this  respect  hemophilia  ditters  from  some  other  hemorrhagic 


25.  Austin,  J.  H.,  and  Pepper,  O.  H.  P. :  Experimental  Observations  on  the 
Coagulation  of  Oxalated  Plasma,  with  a  Study  of  Some  Cases  of  Purpura,  The 
Archives  Int.  Med.,  1913,  xi,  305. 
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conditions,  notably  ])urpura,  in  which  this  phase  of  coagulation  has 
been  found  abnormal.  The  clot  in  hemophilic  blood  is  slow  to  form, 
but  it  possesses  normal  retractile  power;  in  fact,  in  several  instances, 
the  retraction  of  the  clot  and  the  expression  of  serum  was  greater  in 
hemophilic  than  in  normal  blood. 

In  still  another  particular,  hemophilic  blood  has  been  found  normal. 
An  analysis  of  the  serum  after  coagulation  has  shown  that  the  percent- 
age of  serum  albumin  and  serum  globulin  approximates  very  closely 
that  of  normal  human  blood.  It  is  true,  as  the  tabulated  results  show 
(Table  6),  that  the  average  percentage  content  of  total  proteins  is  some- 
what diminished  in  hemophilic  blood,  and  that  the  globulin  fraction 
shows  a  slight  relative  excess,  but  these  diiTerences  are  too  small  to 
possess  real  significance.  On  the  whole,  the  results  indicate  that  no 
abnormality  in  the  protein  partition  products  arises  during  the  clotting 
of  hemophilic  blood,  and  that  the  change  observed  in  the  fibrin  factors 
cannot  be  brought  into  association  with  any  alteration  in  the  serum 
proteins. 

As  already  pointed  out,  our  observations  support  the  view  of  Howell 
that  the  essential  cause  of  the  delayed  coagulabilit)'  of  hemophilic  blood 
is  attributable  to  a  deficiency  in  the  circulating  prothrombin.  The  other 
factors  of  coagulation  have  been  followed.  Gravimetric  determinations 
of  the  fibrinogen  content  of  hemophilic  blood  have  convinced  us  that 
no  abnormality  exists  in  this  element.  This  finding  is  in  harmony  with 
those  of  Sahli,'^  who  weighed  the  fibrin  produced  by  the  coagulation  of 
hemophilic  blood,  and  found  it  to  be  within  the  limits  of  normal  varia- 
tion. That  no  qualitative  defect  in  this  factor  exists  has  been  shown 
by  Addis.®  By  the  addition  of  varying  amounts  of  thrombin  to  fibrino- 
gen prepared  from  hemophilic  blood  and  from  normal  blood,  he  w-as 
able  to  demonstrate  that  the  former  clots  as  rapidly  as  the  latter.  It 
is  possible  to  conclude  from  the  available  experimental  evidence,  there- 
fore, that  no  qualitative  or  quantitative  defect  exists  in  the  fibrinogen 
of  hemophilic  plasma. 

According  to  our  results,  the  amount  of  antithrombin  in  hemophilic 
blood  also  exhibits  little  variation  from  the  normal.  For  the  most  part, 
the  antithrombin  quotient  was  only  slightly  above  or  below  one.  Such 
fluctuations  as  were  observed  may  be  considered  to  lie  within  the  experi- 
mental error,  for  the  quotient  seldom  showed  variations  from  one  greater 
than  several  tenths.  It  is  of  interest  that  a  definite  excess  of  anti- 
thrombin was  demonstrable  in  the  blood  of  two  patients  about  forty- 
eight  hours  after  the  commencement  of  Roentgen-ray  exposures  (Cases 
2  and  3).  This  rise,  however,  was  only  transitory,  and  was  no  longer 
present  five  days  later.  These  results  do  not  support  the  view  held  by 
some  observers  that  the  delayed  coagulability  of  hemophilic  blood  is 
due  to  an  absolute  excess  of  antithrombin  f  nor  are  they  in  harmony 
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with  the  experiments  presented  by  other  workers  to  prove  that  hemo- 
philic blood  contains  less  of  this  coagulation-inhibiting  substance.'  On 
the  whole,  our  work  supports  the  conclusion  that  there  is  no  marked 
difference  between  the  absolute  amount  of  antithrombin  contained  in 
hemophilic  and  in  normal  blood  plasma,  although  it  is  clear  that  this 


TABLE  4. — Record  of  Leukocytic  and  Pl.\telet  Couxts  from  October,  1913, 
TO  October,  1914,  in  C.\se  1 


Date 

Platelets* 

W.  B.  0. 

Poly- 

morpho- 

.  nuclears. 

Per  Cent. 

Large 

Bound, 

Per 

Cent. 

Lympho- 
cytes, 
Per 
Cent. 

EoBino- 

pbils. 

Per 

Cent. 

Remarks 

10/  0/13 

280.000 

(W.  &  K.) 

211,000 

(P.) 

3,900 

63.6 

67 

3.6 
2 

31.8 
31 

1 

lO/U/13 

400,000 
(W.  &  K.) 

6,400 

67 

6 

26 

1 

Bleeding  time 
1  min.  5  sec. 

10/16/13 

350,000 

10/20/13 

860,000? 

8,100 

54 

10 

36 

10/23/13 
11/  4/13 

456,000 
324,600 

7,000 
5,200 

60.4 
59.6 

4 

4.3 

35 
36.1 

0.6 

Bleeding  time 
3  min.  20  sec. 

11/12/13 

4,600 

45 

IS 

36 

11/13/13 

6,700 

69 

5 

34 

' 

11/15/13 

6,000 

65 

5 

29 

11/17/13 

416,000 

6,400 

63 

7 

30 

11/19/13 

5,100 

46 

21 

30 

1 

11/21/13 

3,600 

49 

17 

33 

11/24/13 

3,400 

41.5 

8.6 

48.4 

1 

12/  1/13 

7,200 

47 

4 

47 

2 

12/  8/13 

8,200 

46 

11 

43 

12/18/13 

7,000 

60 

10 

40 

12/28/13 

4,200 

40 

5 

55 

1/  6/U 

3,400 

38 

4 

58 

2/  2/U 

8,400 

60 

7.5 

SO 

2/13/14 

372,000 

6,200 

54 

15 

26 

2/20/14 
8/  8/14 

256,000 

6,125 

5,380 

43 

40 

31 
10 

23 
46 

1 
3 

Bleeding  time 
5  min. 

3/20/14 

184,000 

7,400 

55 

15 

28 

4/  2/14 

160,000 

10/  9/14 
10/18/14 

11,400 
10,300 

53 
65 

5 
7.5 

34 
26 

1 
2 

Bleeding  time 
Hi  min. 

Average           

2,150 

63 

♦  The  method  of  envunerating  the  platelets  used  is  given  wherever  the  exact  technic 
employed  is  stated  in  the  records.  W.  and  K.  means  Wright  and  Kinnicutt's  method,  P.  means 
Pratt's  method.     For  the  most  part  one  or  the  other  ot  these  two  methods  was  used. 
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substance  must  be  present  in  relative  excess  in  hemophilia  in  propor- 
tion to  the  extent  of  diminution  of  the  available  prothrombin. 

The  deficiency  in  the  amount  of  prothrombin  was  demonstrated  by 
the  simple  procedure  already  described  of  oxalating  the  plasma  and 
then  adding  to  it  the  optimum  amount  of  calcium.  Our  studies  make 
it  possible  to  state  with  confidence  that  this  procedure  furnishes  a 
reliable  means  of  differentiating  hemophilic  blood  from  the  blood' of 
other  hemorrhagic  conditions.  Although  this  element  has  been  fol- 
lowed throughout  various  periods  of  the  disease,  at  no  time  has  it 
been  found  normal.    It  has  been  our  experience  that  wide  fluctuations 

TABLE  5. — Record  of  Leukocytes  and  Pl.\telets,  Cases  2  and  3 
Case  2   (J.  McC.) 


Poly- 

Large 

Lympho- 

Eosino- 

morpho- 

Round, 

cytes, 

phils, 

Date 

Platelets 

W.B.C. 

nuclears, 

Per 

Per 

Per 

Bemarks 

Percent. 

Cent. 

Cent. 

Cent. 

11/24/15 



8,300 

70 

9 

21 

•• 

Eoentgen-ray  exposures 
commenced    12/1    and 
ended  12/11. 

12/  3/15 

216,000 

15,200 

53 

10 

83 

2 

12/13/15 

11,800 

64 

12 

24 

1 

12/15/16 

160,000 



Bleeding  lime  prolonged. 

Case  3  (D.  McC.) 


10/10/15 

10/15/15 

580,000 

10/22/15 

192,000 

11/24/15 

12/  S/15 

12/18/15 

12/15/15 

204,000 

12,900 
11,150 


10,400 
13,000 
14,600 


94 

56 
70 
52 
53 

72 


10 
8 

10 
6 


32 
21 
34 
40 
20 


Roentgen-ray  exposures 
commenced  12/1  and 
ended  12/11. 


in  the  amount  of  prothrombin  may  exist  during  the  hemorrhagic  as 
well  as  during  the  interhemorrhagic  periods  of  the  disease,  and  that 
the  degree  of  this  defect  bears  no  definite  relationship  to  the -severity 
of  the  clinical  symptoms.  This  point  is  well  illustrated  by  the  obser- 
vations in  Cases  1  and  2.  In  both  of  these  patients  a  less  marked 
reduction  of  the  circulating  prothrombin  was  noted  immediately  after 
an  attack  of  bleeding,  but  a  similar  increase  in  this  factor  has  been 
observed  also  during  the  interhemorrhagic  period.  On  the  basis  of  the 
experimental  evidence  at  hand,  it  is  therefore  impossible  to  make  any 
definite  statements  concerning  this  point. 
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Although  it  can  be  stated  with  a  fair  degree  of  certainty  that  the 
proximate  cause  of  the  delayed  coagulability  is  due  to  a  diminution  in 
prothrombin,  the  ultimate  cause  of  the  condition  is  still  a  matter  of 
speculation.  Some  knowledge  concerning  this  more  fundamental  prob- 
lem can  be  gained  from  the  studies  on  the  origin  of  prothrombin.  So 
far  as  is  known  at  present,  the  circulating  prothrombin  of  the  blood 
plasma  is  furnished  by  the  blood  platelets.  This  fact  is  based  on  good 
experimental  evidence.  But  it  is  difficult  to  bring  these  observations 
into  harmony  with  the  well-known  fact  that  the  number  of  blood  plate- 

TABLE  6. — Albumin,  Globulin,  and  Nonprotein  in  Hemophilic  Blood  Sekum 


Patient 


Total         Total         Total 
Date  Protein     Albumin    Globulin 

;  Per  Cent. :  Per  Cent,  i  Per  Cent. 


Albumin,  Globulin, 
Per 

Cent,  of 
;    Total 
'  Protein 


Non- 
Per         protein 
Cent,  ol    Constitu- 
Total         ents. 
Protein    Pre  Cent. 


G.  R.,  Case  1 

J   McC,  Case  2. 

D.  McC,  Case  3. 


A.  S.,  Case  4. 
E.  O.,  Case  5. 


11/10 

7.3 

5.4 

1.9 

74 

26 

1.0 

12/15 

6.6 

5.1 

1.5 

76 

24 

1.2 

10/28 

6.9 

5.2 

1.7 

75 

25 

1.1 

11/  5 

6.6 

4.8 

1.8 

73 

27 

1.2 

12/  3 

6.4 

5.3 

1.1 

82 

18 

1.0 

10/11 

7.1 

5.0 

2.1 

70 

30 

1.0 

11/  1 

7.0 

4.2 

2.8 

60 

40 

1.0 

12/  3 

7.0 

4.5 

2.5 

64 

36 

1.0 

12/15 

7.6 

5.0 

2.6 

65 

35 

1.1 

10/29 
11/20 

11/18 
12/20 


7.2 
7.3 


6.7 
6.6 


5.3 
5.3 


5.9 
5.5 


1.9 
2.0 


0.8 
1.1 


73 

73 


27 
27 


12 
18 


1.0 
1.1 


1.0 
1.0 


Averages...: 

6.9 

5.1 

1.8 

73 

26 

1.0 

Normal  human 

7.94 

6.20 

1.74 

78 

22 

1.09 

*  The  figures  for  the  percentage  concentration  of  serum  albumin  and  serum  globulin  In 
normal  human  blood  serum  are  the  averages  obtained  by  Tranter  and  Bowe  (Jour.  Am.  Med. 
Assn.,  1915,  Irv,  1433)  on  about  thirty  normal  serums. 

lets  in  hemophilia  is  normal.  In  explanation  of  this  paradox,  it  has 
been  assumed  that  the  defect  in  question  is  attributable  to  a  functional 
rather  than  to  a  numerical  change  in  these  elements.  This  assumption 
has  received  some  experimental  support  from  the  recent  work  of 
Fonio."°  As  this  worker  has  shown,  platelets  derived  from  hemophilic 
blood  are  less  potent  in  hastening  the  clotting  of  such  blood  than  are 
platelets  obtained  from  normal  blood.  Fonio  refers  this  defect  of 
hemophilic  platelets  to  a  diminished  thrombozym  (thromboplastin) 
content;  but  it  would  appear  that  the  evidence  presented  does  not 


26.  Fonio,  A. :    Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1914.  x.xviii,  313. 
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establish  with  any  certainty  that  this  functional  defect  of  hemophilic 
platelets  may  not  be  due  to  a  diminution  in  their  prothrombin  content. 
For,  as  is  well  known,  the  solution  of  platelets  when  blood  is  shed 
facilitates  clotting  in  two  ways :  first,  by  setting  free  protiirombin ; 
and  second,  by  liberating  a  throniboplastic  substance  which  hastens 
coagulation  by  neutralizing  the  antithrombin  present  normally  in  the 
circulating  blood. 

Furthermore,  in  the  solution  of  this  paradox  the  possibility  must 
be  kept  in  mind  that  other  factors  besides  the  blood  platelets  may  be 
concerned  with  the  origin  of  prothrombin.  For  instance,  it  has  been 
shown  that  although  a  considerable  diminution  in  prothrombin  may 
result  from  the  destruction  of  myeloid  tissue  following  benzol  injec- 
tions, no  direct  parallelism  exists  between  this  drop  in  prothrombin, 
the  number  of  platelets,  and  the  extent  of  bone  marrow  injury.-' 
These  experimental  observations  support  the  view  that  the  maintenance 
of  the  prothrombin  equilibrium  of  the  blood  depends  only  in  part 
on  the  blood  platelets.  At  the  present  time  it  is  not  possible  to  state 
what  tissue  or  tissues  besides  the  marrow  may  be  concerned  in  the 
elaboration  of  prothrombin.  Thus  far  experiments  have  given  no 
support  for  or  against  the  contention  of  Nolf*  that  liver  cell  activity 
is  essential  for  prothrombin  production. 

THE     EFFECT     OF     KEPH.\LIN     .\ND     OF     THE     ROENTGEN     RAYS 
ON     THE     BLOOD     IN      HEMOPHILIA 

Studies  concerning  the  proximate  cause  of  the  delayed  coagula- 
bility of  hemophilic  blood  naturally  suggest  the  idea  that  it  might  be 
possible  to  devise  some  means  of  supplying  to  the  patient  the  element 
in  which  his  blood  is  deficient.  A  rational  therapy  of  this  kind  might 
be  approached  theoretically  in  one  of  three  ways :  first,  by  a  readjustment 
of  the  prothrombin-antithrombin  balance  to  a  more  normal  state  by  the 
introduction  of  thrombin  or  its  antecedent  substance,  prothrombin, 
directly  into  the  circulation ;  second,  by  stimulating  the  tissues  con- 
cerned with  prothrombin  elaboration  to  form  more  of  this  deficient 
factor ;  and  lastly,  by  a  neutralization  of  the  relative  excess  of  anti- 
thrombin by  the  injection  of  tissue  extracts.  Some  attempts  have 
already  been  made  to  modify  the  coagulability  of  the  blood  of  healthy 
animals  by  means  of  some  of  these  methods.  Experiments  of  this 
nature  have  developed  the  very  interesting  fact  that  in  health  the 
blood  or  the  body  can  protect  itself  within  wide  limits  from  the  effects 
tof  such  injections.  For  instance,  Davis,-"  working  in  Howell's  labora- 
tory, has  shown  that  solutions  of  pure  thrombin  may  be  introduced 


27.  Hurwitz.  S.  H..  and  Drinker,  C.  K. :    Jour.  Exper.  Med..  1915,  xxi.  401. 

28.  Davis,  D.:    Am.  Jour.  Physiol.,  1911-1912,  xxix,  160. 
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into  the  circulation  in  quantities  that  in  the  test  tube  would  cause 
rapid  and  firm  clotting  and  yet  no  harm  be  done.  It  is  apparent,  there- 
fore, that  a  healthy  animal  can  protect  itself  from  the  effects  of  sub- 
stances which  would  endanger  its  life  by  the  formation  of  intravascular 
clots.  The  nature  of  this  defensive  reaction  consists,  it  is  thought, 
in  the  formation  within  the  organism  of  a  compensatory  amount  of 
antithrombin  to  bind  either  the  injected  thrombin  or  to  neutralize  the 
tissue  extracts  introduced  into  the  circulation.  But  we  do  not  know 
with  any  certainty  whether  or  not  the  same  response  can  occur  in 
pathological  states  in  which  the  balance  is  already  disturbed,  in  the 
direction  of  an  increased  or  decreased  coagulability.  Indeed,  only  few 
attempts  have  been  made  to  modify  by  these  means  the  blood  in  dis- 
eased conditions  associated  with  a  defect  in  the  fibrin  factors. 
Because  of  the  meagerness  of  data  on  this  point,  it  seemed  worth  while 
to  study  this  phase  of  the  subject  on  some  of  the  patients  under 
observation. 

On  the  basis  of  some  experiments  which  will  be  recorded  in  another 
paper,  we  studied  the  influence  jjroduced  by  the  injections  of  kephalin 
and  the  effect  of  Roentgen  irradiation  on  the  blood  in  hemophilia. 
With  regard  to  kephalin,  preliminary  experiments  on  healthy  rabbits 
had  shown  that  this  substance  could  be  introduced  into  the  circulation 
either  intramuscularly  or  intravenously  without  any  untoward  symp- 
toms, and  that  the  immediate  effect  of  intravenous  injections  was  an 
increase  in  the  coagulability  of  the  blood.  This  increased  coagulability 
was  only  transitory,  however,  and  was  followed  soon  by  a  return  of  the 
blood  to  a  normal  state,  or  in  a  few  instances  by  a  decreased  coagula- 
bility. The  exposure  of  animals  to  suberythema  doses  of  Roentgen 
rays,  on  the  contrary,  produced  no  perceptible  increase  in  coagulability, 
although  an  examination  of  the  blood  for  the  separate  factors  dis- 
closed a  transitory  rise  in  the  circulating  prothrombin.  The  temporary 
character  of  this  reaction  and  its  failure  to  decrease  the  coagulation 
time  can  be  explained  in  the  light  of  the  defensive  power  of  the 
organism  considered  in  a  previous  paragraph.  And  although  these 
experiments  showed  that  the  eft'ect  of  the  administration  of  kephalin 
and  of  exposure  to  the  Roentgen  rays  produced  onlv  temporary  changes 
in  the  condition  of  the  blood,  the  possibility  still  remained  that  these 
agents  might  act  differently  in  conditions  like  hemophilia.  Accord- 
ingly we  decided  to  try  the  effects  of  one  or  both  of  these  measures  on 
three  of  the  patients. 

In  the  first  patient  observations  were  made  on  the  effect  of  kephalin 
therapy  alone ;  whereas,  both  the  second  and  third  patients  were  treated 
with  kephalin  and  with  the  Roentgen  rays.  Concerning  the  dosage  of 
kephalin,  the  preliminary  experimental  work  had  assured  us  that  a 
considerable  amount  of  this  substance  could  be  administered  intra- 
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venously  without  any  untoward  symptoms.  In  some  animals  as  nuicli 
as  10  c.c.  of  a  1  per  cent,  solution  were  introduced  into  the  ear  vein 
without  ill  effects.  Althoug'h  some  workers-"  have  investigated  the 
coagulation  accelerating  effect  of  intravenous  injections  of  saline 
extracts  in  hemophilia,  we  did  not  feel  that  such  injections  were 
entirely  devoid  of  danger,  and  we  have,  therefore,  no  data  to  present 
on  this  point.  It  will  be  noted  from  the  clinical  records  that  only 
the  oral,  subcutaneous  and  intramuscular  modes  of  giving  kephalin 
were  used.  The  first  method  was  early  abandoned  because  it  proved 
ineffective,  and  subcutaneous  injections  were  discarded  because  they 
were  painful.  Intramuscular  injections,  on  the  other  hand,  were  not 
followed  by  any  local  or  constitutional  reaction,  and  these  were  used 
exclusively  in  the  second  and  third  patients. 

In  the  choice  of  the  proper  dosage  for  the  Roentgen-ray  exposure, 
we  were  guided  largely  by  following  the  formed  elements  in  the 
blood.  As  is  well  known  from  the  work  of  recent  observers,^"  small 
and  large  doses  of  Roentgen  rays  have  antagonistic  efifects  on  the 
blood-forming  organs ;  the  former  exert  a  stimulating  action  and  the 
latter  a  destructive  action.  For  our  purposes,  it  was  determined  that 
one-twentieth  of  an  erythema  dose  applied  to  the  long  bones  at  the 
stated  intervals  produced  the  desired  stimvilation  of  the  blood-forming 
organs  as  evidenced  by  the  rise  in  leukocytes.  In  one  of  the  patients 
(Case  3),  a  drop  in  the  platelet  count  and  a  prolongation  of  the  bleed- 
ing time  after  the  eighth  exposure  showed  that  the  rays  were  beginning 
to  act  destructively,  and  this  served  as  an  indication  for  stopping  the 
treatment. 

The  results  of  both  of  these  forms  of  therapy  have  been  pre- 
sented for  the  most  part  in  the  clinical  histories  and  in  the  tabulated 
results.  Only  a  few  points  deserve  further  consideration.  In  order 
to  avoid  criticism,  it  is  desirable  in  the  first  place  that  judgment 
regarding  the  results  of  any  therapeutic  measure  used  to  control  hemor- 
rhage be  guided  by  some  criteria.  Apart  from  all  other  considera- 
tions, it  seems  fair  to  assume  that  a  therapeutic  measure  is  successful 
only  if  it  causes  a  cessation  of  the  bleeding,  and  so  affects  the  disease 
process  itself  that  the  coagulability  of  the  blood  is  increased.  On  the 
basis  of  such  criteria,  it  is  not  possible  to  make  any  great  claims  for 
Roentgen-ray  therapy  and  for  kephalin  injections  in  the  constitutional 
treatment  of  hemophilia.  Concerning  Roentgen-ray  treatment,  it  is 
safe  to  conclude  that  small  stimulating  doses  do  not  alter  in  any  way 
the  condition  of  the  blood  in  hemophilia.     It  is  not  possible  to  say  at 


29.  Schloessmann.  H. :    Bcitr.  z.  klin.  Chir..  1912,  l.xxix,  492. 

30.  Heinecke.  A.:  Deutscli.  Ztschr.  f.  Chir..  190S.  Ixxviii.  196.  Duke.  W.  W. : 
Variation  in  the  Platelet  Count,  Its  Cause  and  Clinical  Significance,  Tour.  .'■Vm. 
Med.  Assn.,  1915,  Ixv,  1600. 
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present  whether  these  negative  results  in  hemophilia,  in  contrast  with 
those  obtained  in  healthy  animals,  arc  due  to  a  lack  of  response  on  the 
part  of  the  blood-forming  organs  or  whether  more  prolonged  and  more 
intensive  treatment  is  necessary  to  effect  any  changes. 

Furthermore,  the  especial  therapeutic  use  of  kephalin  has  not  been 
found  to  lie  in  its  influence  on  the  disease  process,  for  we  have  not 
been  able  to  show  that  this  substance  administered  intramuscularly  in 
the  dosage  employed  by  us  effects  any  noticeable  change  cither  in  the 
coagulability  of  the  blood  or  in  the  prothrombin-antithrombin  bal- 
ance. Only  once  did  the  opportunity  arise  to  determine  the  value 
of  intramuscular  injections  in  the  control  of  external  bleeding  (Case  2). 
But  in  this  instance,  it  will  be  recalled,  the  injections  were  combined 
with  the  application  of  kephalin  to  the  wound  surface.  Because  simi- 
lar injections  in  other  patients  had  failed  of  effect,  we  are  inclined  to 
attribute  the  early  arrest  of  bleeding  in  this  case  to  the  local  action  of 
the  kephalin.  Of  its  great  hemostatic  properties  we  have  become  con- 
vinced from  observations  on  its  coagulation  accelerating  action  on  whole 
blood  in  the  test  tube  as  well  as  when  applied  locally  to  bleeding  sur- 
faces. And  although  similar  properties  have  been  claimed  for  other 
tis.sue  extracts,  we  believe  that  its  thermostability  gives  kephalin  a 
decided  advantage  over  saline  or  aqueous  extracts  in  that  it  can  be 
sterilized  without  weakening  its  action. ■''  It  is  to  be  hoped,  therefore. 
that  kephalin  will  prove  of  real  value  in  the  treatment  of  uncon- 
trollable hemorrhages  from  external  wounds  so  frequently  met  with 
in  hemorrhagic  conditions. 

SUMMARY 

1.  Xo  alteration  has  been  observed  in  the  reaction  of  hemophilic 
blood.  In  all  of  the  patients  studied,  the  hydrogen-ion  concentration  of 
the  serum  showed  the  normal  variation. 

2.  Xo  abnormality  exists  in  the  third  phase  of  coagulation :  clot 
formation  is  slow,  but  the  clot,  when  once  formed,  shows  normal  retrac- 
tile power. 

3.  The  percentages  of  serum  albumin,  serum  globulin,  and  total 
protein  of  hemophilic  serum  do  not  show  wide  variations  from  the 
normal. 

4.  The  essential  defect  of  hemophilic  blood,  which  accounts  for  its 
delayed  coagulability,  is  a  diminution  of  the  circulating  prothrombin. 
The  other  two  fibrin  factors,  antithrombin  and  fibrinogen,  are  pres- 
ent in  normal  amounts.    AX'ide  fluctuations  may  be  observed  in  the  pro- 


31.  Howell  has  called  attention  to  this  property  of  saline  or  aqueous  e.xtracts. 
He  has  shown  that  heating  such  solutions  precipitates  the  protein,  together 
with  the  active  phosphatid.  But  if  the  phosphatid  is  first  extracted  with  ether, 
the  residue  may  be  dissolved  in  water  and  the  solution  is  unaffected  bv  boiling 
(Am.  Jour.  Physiol.,  1912-1913,  xxxi,  1). 
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lliroinbin  content  of  lieniophific  plasma  both  during  the  hemorrhagic 
and  interhemorrhagic  periods.  No  definite  relationship  can  be  shown 
to  exist  between  the  extent  of  the  prothrombin  deficiency  and  the 
gravity  of  the  clinical  symptoms. 

5.  The  method  suggested  by  Howell  of  first  oxalating  the  blood 
and  then  recalcifying  with  an  optimum  amount  of  calcium  gives  a  sim- 
ple and  reliable  means  of  diagnosing  hemophilia  and  of  differentiating 
it  from  other  hemorrhagic  conditions.  It  is  to  be  recommended  that 
this  test  be  carried  out  preliminary  to  any  operation  on  a  patient 
exhibiting  the  hemophilic  tendency. 

6.  Oral,  subcutaneous  and  intramuscular  injections  of  kephalin  have 
no  efifect  on  the  disease  process. 

7 .  Kephalin  applied  locally  to  the  bleeding  wounds  of  hemophilics 
brings  hemorrhage  to  an  early  arrest.  Because  of  its  great  hemostatic 
properties  and  its  thermostability  kephalin  deserves  an  important  place 
in  the  treatment  of  bleeding  from  external  wounds. 

8.  Suberythema  doses  of  Roentgen  rays  do  not  influence  the  disease 
process:  no  alteration  was  noted  either  in  the  coagulability  of  the  blood 
or  in  the  prothrombin-antithrombin  balance. 

Second  and  Parnassus  .^venues — University  Hospital. 
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Introduction. 

The  continuation  within  the  organism  of  certain  physiologi-  [Ki] 
cal  processes  depends  in  great  measure  upon  the  character  and 
the  constancy  of  the  reaction  of  the  body  fluids.  Changes  in 
either  will  be  attended  by  serious  consequences  to  the  cells  and 
enzymes  which  find  the  body  fluids,  and  more  especially  the 
blood,  their  natural  mediimi.  The  biological  importance  of  the 
constancy  of  the  reaction  of  the  blood  has  been  especially  em- 
phasized by  the  recent  studies  of  Henderson  (1).  These  have 
shown  that  there  exists  within  the  organism  a  regulatory 
mechanism  whereby  the  normal  reaction  of  the  blood  is  per- 
manently maintained. 

Equally  important  is  the  reaction  of  the  medium  for  the 
successful  perpetuation  of  life  outside  of  the  organism.  This 
is  well  illustrated  by  the  well-known  and  intimate  association 
between  the  acidity  or  alkalinity  of  solutions  containing  active 
enzymes  and  the  rate  of  their  activity,  and  also  by  the  influence 
which  the  reaction  of  a  bacteriological  culture  medium  exerts 
upon  the  biological  characters  and  the  viability  of  bacteria. 
It  is  not  unlikely,  too,  that  the  success  or  failure  attending 
the  cultivation  of  groups  of  cells  or  tissues  in  vitro  depends, 
in  no  small  measure,  upon  the  reaction  of  the  plasma ;  indeed, 
the  frequent  transfer  of  such  tissues  from  media  containing 
the  products  of  their  metabolism  to  fresh  plasma  prolongs  their 
life.    The  proper  adjustment  of  the  reaction  of  a  biological 
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I  111)   lliiid  is,  therefore,  of  the  greatest  importance  for  tlie  favorable 
progress  of  many  physiological  processes. 

As  will  be  shown  later,  an  exact  knowledge  of  the  reaction  of 
a  medium  can  be  gained  only  from  a  determination  of  its  hy- 
drogen ion  concentration.  It  is  the  purpose  of  this  paper  to 
present  a  simple  colorimetric  method  which  makes  it  possible 
to  determine  with  considerable  accuracy  and  rapidity  the  hy- 
drogen ion  concentration  of  biological  culture  fluids,  and  to 
show  how  such  media  can  be  adjusted  to  any  optimal  con- 
centration of  ionized  hydrogen. 

The  Reaction  of  a  Solution. 

Recent  progress  in  our  knowledge  of  the  physico-chemical 
properties  of  solutions  has  changed  considerably  our  concep- 
tion of  the  reaction  of  a  solution.  The  importance  attributed 
to  indicators  in  ascertaining  the  reaction  of  a  medium,  and 
to  their  value  in  the  readjustment  of  such  a  medium  to  the 
proper  reaction  by  titration,  is  gradually  dwindling  before 
the  extensive  knowledge  gained  by  modern  physico-chemical 
studies.  Indicators,  as  we  now  know,  do  not  necessarily  change 
color  at  the  neutral  point,  but  rather  at  a  definite  equilibrium 
of  hydrogen  and  hydroxyl  ions  which  is  peculiar  to  each 
indicator,  this  point  of  change  being  dependent  upon  the 
chemical  constitution  of  the  indicator.  It  follows,  therefore, 
that  the  determination  of  the  reaction  of  a  medium  by  titrating 
to  a  convenient  end-point  is  without  real  significance. 

According  to  the  theory  of  solutions,  the  acidity  in  water 
is  explained  by  the  occurrence  of  hydrogen  ions,  formed  from 
dissolved  electrolytes,  in  excess  of  hydroxyl  ions;  neutrality 
is,  therefore,  the  condition  when,  as  in  pure  water,  the  two 
concentrations  are  equal.  Because  it  is  easier  and  more 
accurate  to  determine  the  hydrogen  rather  than  the  hydroxyl 
[17]  ion  concentration  of  a  solution,  it  has  become  the  established 
usage  to  express  its  reaction  in  terms  of  hydrogen  ions. 

Present  Methods  of  Adjusting  the  Reaction  of 
CuLTUKE  Media. 

In  most  bacteriological  laboratories  of  this  country  adjust- 
ment in  the  reaction  of  culture  media  by  titration  has  largely 
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replaced  all  other  methods.     In  a  very  recent  paper  Clark  [17] 
(2)  has  critically  reviewed  the  method  of  "  titratable  acidity," 
and  has  set  forth  in  a  comprehensive  way  the  reasons  why  the 
titrimetric  method  in  its  present  foim  is  inaccurate. 

The  inadequacy  of  the  method  of  titration  is  attributable 
chiefly  to  the  physico-chemical  properties  of  the  available 
indicators.  The  indicator  most  commonly  employed  for  the 
titration  of  media  is  phenolphthalein  which,  like  most  indi- 
cators possesses  no  true  end-point,  since  its  zone  of  color 


TABLE  I. 

A  Comparison  Between  the  Deqkees  in  Reactiox  (Fuller  Scale) 

AND  THE  Hydrogen  Ion  Concentration  of  Various  Media. 


Hydrofjen  Ion 

No. 

Medium. 

Degrees  in 
KuUer  Scale. 

Concentration. 
Value  for  pH. 

1 

Plain  broth 

-1-0.8 

7.3 

2 

Plain  Ijrotli 

-1-0.4 

7.8 

3 

Plain  biotli 

+0.5 

7.. 5 

4 

Plain  broth 

Neutral 

8.4 

5 

Plain  broth 

-(-1.0 

7.7 

C 

Veal-infusion 

-1-1.0 

7.1 

7 

Veal-infusion 

-hO.5 

8.1 

S 

Veal-infuaion 

-fO.9 

7.6 

9 

Sugar-free  broth 

-fO.O 

7.58 

10 

Plain  broth 

-1-0.8 

6.9 

11 

Liebig's  broth 

+0.l> 

7.9 

12 

Extract 

+\.o 

7.2 

13 

Ox-lieart  broth 

-fl.l 

6.9 

14 

Liebig's  broth 

-1-0.8 

6.9 

1.5 

Plain  broth 

-1-0. S 

7.1 

10 

Cbicken  broth 

-1-1.1 

7.2 

17 

Glycerine  broth 

-1-1.0 

7.45 

IS 

Liebig's  broth 

4-0.8 

7.0 

19 

Plain  broth 

-fl.O 

6.6 

20 

Liebig's  broth 

-1-0.8 

7.0 

change  is  broad,  lying  between  the  hydrogen  ion  concentration 
of  pH  =  8.00  and  pH  =  10.00."  If  the  tint  of  phenolphthalein 
at  pH  =  8.50  is  taken  as  a  standard  end  point  it  is  possible  to 
show  that  media  corrected  from  this  point  to  definite  degrees 
on  tlie  Iniller  scale  have  diifcrent  hydrogen  ion  concentrations. 


'  The  significance  of  the  expression  pH  =  p  to  designate  the 
hydrogen  ion  concentration  will  be  explained  in  a  subsequent  para- 
graph. 
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[17]  This  discrepancy  can  be  demonstrated  quite  readily,  if  one 
chooses  at  random  various  samples  of  laboratory  media  and 
compares  the  titratablc  acidity  with  tlie  actual  hydrogen  ion 
concentration  as  measured  colorimetrically.  Table  I  illustrates 
the  results  of  such  a  comparative  study  of  twenty  different 
batches  of  media.  Similar  observations  were  made  by  Clark 
who  compared  the  titration  curves  obtained  in  the  usual  way 
with  the  determinations  made  by  the  use  of  the  hydrogen 
electrode. 

Unfortunately  the  use  of  the  hydrogen  electrode  which  gives 
the  most  accurate  knowledge  of  the  reaction  of  a  medium  in 
terms  of  the  concentration  of  hydrogen  ions  is  not  suitable 
for  practical  use.  Besides  being  time-consuming '  the  gas  chain 
electrometric  method  necessitates  special  training  in  physico- 
chemical  technique. 

Heretofore  the  colorimetric  metiiod  has  not  given  promise, 
because  of  the  lack  of  a  suitable  indicator,  and  because  of  the 
presence  of  coloring  matter  in  the  fluids  to  be  tested.  We 
believe,  however,  that  both  of  these  difficulties  have  l)eon  over- 
come in  the  procedure  to  be  described. 

PrINCII'LES  of  the  COLOItlMETIilC  METHOD. 

Already  brief  mention  has  been  made  of  the  principle  which 
underlies  the  use  of  indicators  in  the  titrimetric  method.  It 
was  pointed  out  that  the  change  in  color  of  an  indicator  during 
an  ordinary  titration  means  that  the  hydrogen  ion  concentra- 
tion of  the  solution  has  attained  a  certain  degree  character- 
istic for  that  indicator.  Different  indicators  show  color 
changes  at  varying  degrees  of  hydrogen  ion  concentration. 
For  example,  the  color  of  phenolphthalein  changes  from  color- 
less to  red  between  the  values  pH  =  8.00  and  pH  =  10.00 
(IXlO'**  and  1x10'^°);  whereas  methyl  orange  passes 
from  its  full  acid  color  over  into  its  alkaline  color  as  the  hydro- 
gen  ion  concentration  falls  from  pll  =  3.0  to  pH  =  4.7 
(1  X  10"'  and  4  X  10~-') .    At  intermediate  points  various  shades 


'McCIendon  (Am.  Jour.  Physiol.,  1915,  XXXVIII,  180,  186)  ha.s 
described  a  new  hydrogen  electrode  and  a  direct  reading  poten- 
tiometer, the  use  of  which  reduced  the  time  necessary  for  a  deter- 
mination from  forty  to  about  two  or  three  minutes. 
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of  color  are  obtained,  a  certain  color  indicating  a  definite  hy-  [17] 
drogen  ion  concentration. 

Through  the  investigations  of  Friedenthal  (3)  and  Salm  (4) 
and  of  Sorensen  (5),  we  now  know  the  range  of  color  change 
of  a  large  number  of  indicators.  From  the  large  group  studied- 
several  have  been  chosen  for  practical  use,  which,  because  of  the 
extent  of  their  range  of  color  and  because  of  the  only  slight 
interference  of  proteins  in  the  test  solutions,  are  of  particular 
value  for  studies  on  hydrogen  ion  concentration. 

In  carrying  out  the  colorimetric  method  it  is  necessary  to 
have  a  series  of  standard  solutions  of  known  hydrogen  ion  con- 
centration, and  an  indicator  exhibiting  a  wide  range  of  easily 
distinguishable  color  changes  at  hydrogen  ion  concentrations 
approximating  those  of  the  solutions  to  be  tested.  The  pro- 
cedure of  making  the  readings  is  then  quite  simple,  since  it  is 
necessary  only  to  add  an  equal  amount  of  indicator  both  to  the 
standard  solutions,  and  to  the  test  solution,  and  to  determine 
which  of  the  colors  in  the  standard  series  most  closely  matches 
that  of  the  solution  tested. 

Standard  Solutions  and  Method  of  Notation. 

The  standard  solutions  used  in  the  method  to  be  described 
were  those  recommended  by  Levy,  Eowntree  and  Marriott  (6) 
for  the  determination  of  the  hydrogen  ion  concentration  of 
the  blood.  These  consist  of  standard  phosphate  mixtures  pre- 
pared according  to  the  directions  given  by  Sorensen  (7).  [18] 
Since  phenolsulphonephthalein  shows  definite  variations  in 
quality  of  color  with  small  differences  in  hydrogen  ion  con- 
centration between  pH  =  G.4  and  pH  =  8.-i,  it  was  chosen  by 
these  workers  as  the  most  suitable  indicator.  Experience  in 
the  use  of  these  standard  solutions  containing  phenolsulphone- 
phthalein has  further  emphasized  its  value  as  an  indicator  for 
this  work,  not  only  because  of  the  great  breadth  of  its  color 
range  on  either  side  of  the  neutral  point,  but  also  because  of 
the  ease  with  which  the  various  gradations  of  color  can  be 
differentiated,  even  in  the  presence  of  the  pigments  which 
occur  in  most  biological  fluids.  Furthermore,  as  Sorensen  (8) 
points  out,  the  fact  tliat  the  phthalein  group  of  indicators  is 
more  suitable  for  use  in  the  presence  of  proteins  or  tlieir  split- 
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[18]  products  makes  them  especially  valuable  in  studying  the  reac- 
tion of  biological  fluids  by  the  colorimetric  method. 

In  recording  hydrogen  ion  concentration  it  is  most  con- 
venient to  use  logarithmic  notation  as  employed  by  Soreusen 
(9)  rather  than  to  record  the  actual  concentrations  because 
the  significant  variation  is  in  the  logarithm  of  the  numbers 
which  represent  the  quantity  of  hydrogen  ions.  For  instance, 
N/10  hydrochloric  acid  is  0.091  N  with  respect  to  its  hydrogen 
ions,  and  the  hydrogen  ion  concentration  is  expressed  con- 
veniently as  9.1  X  10"^  or  simply  10"*°^,  the  index,  —  1.04,  being 
the  logarithm  of  0.091.  The  method  of  notation  is  still  more 
simplified  by  dropping  the  10  and  minus  sign  and  designating 
the  hydrogen  ion  concentration  by  the  expression  pll  =  1.0-1. 
where  pH  is  the  hydrogen  ion  exponent. 


TABLE   II. 

Equivalents 

OF  THE  Logarithmic  Values  pH 

=  6.4  TO  i>H  =  8.4 

IN  Actual  Concextbations  of  Ionized 

Iydrogen. 

Logarithm 

Actual  Hydrofren  Ion 
Concentnition 

Logarithm 
pfi. 

Actual  Hydrogen  Ion 
Concentration 

pH. 

H 

+ 
H. 

6.4 

4.0    XlO-' 

7.5'3) 

0.32   XlO-" 

6.6 

2.5    XlO-T 

7.0 

0.2-T    X  10-' 

6.8 

1.6    XlO-' 

7.7 

0.2      XlO-' 

7.0 

1.0    XIO-- 

7.8 

0.16    X  10-' 

7.1 

0.8    XlO-' 

8.0 

0.1      XlO-' 

7.2 

0.63  X10-" 

8.2 

0.063X10-' 

7.3 

0.3    X10-' 

8.4 

0.04    X  10-' 

7.4 

0.4    X10-- 

"  The  hydrogen  ion  concentration  of  the  blood  averages  about 
0.3  X  10'  or  pH  =  7.5. 

In  Table  II  is  given  tiie  equivalent  of  the  logarithmic  nota- 
tion in  actual  concentrations  of  hydrogen  ions.  Only  such 
equivalents  are  given  which  fall  within  the  range  of  color 
change  for  phenolsulphonephthalein. 

Method. 

1.  Method  Used  in  Comparing  Colored  Fluids. — One  of  the 
greatest  obstacles  met  with  in  the  application  of  colorimetry 
to  the  deterrhiuation  of  the  ionization  of  biological  fluids  is  the 
turbidity  and  the  pigment  present  in  the  majority  of  such 
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fluids.  It  is  obvious  that  the  addition  of  an  indicator  to  a  [18] 
solution  which  is  already  colored  gives  rise  to  a  tint  which  can- 
not be  matched  against  a  standard  color  scale  made  up  with 
distilled  water.  This  difficulty  has  been  overcome  by  various 
workers  in  diflPerent  ways :  Sorensen  (10),  for  instance,  recom- 
mends the  addition  to  the  standard  solutions  of  several  drops 
of  a  solution  of  some  neutral  dyestuff  so  as  to  compensate  for 
the  color  of  the  fluid  under  investigation.  Similarly,  turbid 
solutions  can  be  compared  by  adding  to  the  standard  solutions 
varying  amounts  of  a  freshly  prepared  suspension  of  barium 
sulphate.  Such  procedures,  as  must  be  quite  apparent,  render 
the  method  more  complicated  and  less  accurate. 

Realizing  that  this  difficulty  had  to  be  overcome  before  the 
method  could  be  made  applicable,  we  tried  various  means  of 
freeing  such  solutions  of  their  color — dialysis,  adsorption,  and 
ultra-filtration.  The  method  of  dialysis,  recommended  by 
Levy,  Eowntree  and  Marriott  (11)  for  determining  changes 
in  the  hydrogen  ion  concentration  of  the  blood  was  first  tried. 
This  procedure,  although  invaluable  for  blood  determinations, 
cannot  be  made  applicable  to  studies  on  the  hydrogen  ion  con- 
centration of  biological  fluids.  As  we  know,  these  fluids  con- 
tain substances,  chiefly  the  phosphates,  carbonates,  and  col- 
loids, which  tend  to  preserve  the  original  hydrogen  ion  con- 
centration of  the  solutions.  The  value  of  these  so-called 
"  buffers  "  must  be  determined,  if  such  fluids  are  to  be  adjusted 
to  any  desired  ionization.  In  tests  upon  the  dialysate,  how- 
ever, the  influence  of  these  "  regulators  "  is  not  fully  ascer- 
tained. The  use  of  filtration  through  collodion  membranes, 
although  more  accurate,  is  more  difficult  and  equally  objection- 
able for  the  reasons  just  given. 

The  removal  of  coloring  matter  by  adsorbents  like  charcoal 
and  Kieselguhr  was  early  discarded,  because  both  of  these 
substances  contain  free  alkali  which  changes  the  hydrogen  ion 
concentration. 

In  order  to  obviate  all  of  these  difficulties,  we  have  con- 
structed a  simple  device*   (Fig.  1).  whereby  the  medium 


■*  After  constructing  our  instrument  we  found  that  Walpole  (Jour, 
of  Biol.  Chem..  1910-1911,  V.  207)  has  made  use  of  the  same  prin- 
ciple for  reading  colored  fluids.  Instead  of  having  the  four  test 
tubes  arranged  parallel  to  one  another,  he  has  placed  them  end 
on  in  pairs.  ., 


[18]  tested  serves  as  a  background  for  the  standard  test  color  to 
which  it  imparts  its  own  characteristic  quality  of  color,  thus 
making  the  color  of  the  fluid  to  be  tested  directly  comparable 
with  the  standard  test  solutions.  This  apparatus'  consists 
of  the  parts  pictured  (Fig.  1) :  A  block  of  wood  about  three 
inches  long,  two  inches  wide  and  one  and  a  half  inches  thick 


[19] 


Fig.  1. — Diagram  of  Comparator.  Into  the  holes  A,  B,  C,  D,  are 
placed  the  four  test  tubes:  A  receives  the  standard  comparison 
tube;  B  receives  a  tube  containing  the  medium  plus  indicator: 
into  C  is  placed  the  test  solution  to  compensate  for  the  natural 
color  of  the  medium,  and  into  D  a  test  tube  containing  water. 
8  and  S'  are  the  slots  through  whicli  the  colors  are  matched. 
M  and  il'  are  metal  bands  designed  to  equalize  the  portions  of 
color  tields  exposed  to  view. 

[18]  serves  for  the  construction  of  the  comparator.  Into  this  block 
four  holes.  A,  B,  C,  D,  are  bored  vertically;  these  are  arranged 
in  two  pairs,  one  beside  the  other.  Slots  S  and  S'  are  then  cut 
through  the  holes.    If  test  tubes  of  the  proper  thickness  are  now 


■>  Inasmuch  as  the  test  consists  merely  in  comparing  the  quali- 
ties of  colors  and  not  their  intensities,  as  is  done  in  ordinary 
colorimetry,  it  was  thought  advisable  to  use  the  term  comparato- 
rather  than  colorimeter  for  the  apparatus. 
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inserted  into  holes  A,  B,  C,  and  D,  and  the  apparatus  is  held  [is] 
against  a  white  background,  the  light  in  passing  through  each 
slot  must  pass  through  the  two  pairs  of  tubes. 

The  tube  in  A  is  the  standard  comparison  tube  of  known  [19] 
hydrogen  ion  concentration.  Into  the  hole  B  is  placed  the 
tube  containing  the  fluid  to  be  tested  plus  the  correct  amount 
of  indicator.  To  compensate  for  the  color  of  the  test  fluid  a 
sample  of  this  without  indicator  is  placed  into  C  which  is  just 
behind  the  standard  test  color.  Into  D  is  placed  a  tube  con- 
taining distilled  water;  this  tube  is  used  merely  to  make  the 
field  of  view  of  botli  slots  of  the  system  similar. 


^v>ii 
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Fig.  2. — Diagram  of  Titration  Tube.  Test  solution  and  acid  or 
allcali  are  mixed  in  part  A;  comparisons  of  the  color  of  the  solu- 
tion are  made  in  part  B,  which  is  inserted  into  hole  B  of  the 
comparator.  Tube  B  is  offset  from  part  A,  in  order  that  part  A 
will  not  crowd  the  other  tubes  in  the  comparator. 

The  titration.?  are  most  conveniently  carried  out  in  a  specially 
constructed  tube  shown  in  Fig.  2.  The  acid  or  alkali  used  for 
the  titrations  is  run  into  the  larger  tube  and  thoroughly  mixed 
with  the  test  fluid.  For  making  the  comparisons,  the  fluid 
is  run  into  the  side  tube,  which  is  of  the  same  internal  diameter 
and  thickness  as  tubes  A,  C,  and  D;  this  tube  is  inserted  into 
the  hole  B  of  the  comparator. 
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[10]  In  making  a  reading  that  standard  tube  is  chosen  which  at 
first  glance  appears  most  nearly  like  the  color  of  the  fluid 
tested.  Then  comparisons  are  made  with  the  standard  just 
above  or  below  in  the  scale,  until  the  closest  approximation 
is  obtained.  In  this  way  it  is  possible  to  read  quite  accurately 
between  any  two  parts  on  the  standard  scale.  It  has  been  our 
experience  that  this  method  of  making  readings  is  applicable 
to  most  of  the  biological  fluids  possessing  any  great  trans- 
parency and  whose  natural  color  is  not  too  intense.  For 
determinations  upon  yellow  and  straw-colored  fluids  it  is 
especially  useful,  since  phenolsulphonephthalein,  in  the  pres- 
ence of  an  alkali,  imparts  to  them  a  brownish  red  tint,  which 
can  be  readily  matched  by  blending  the  natural  color  of  the 
medium  with  that  of  the  appropriate  standard  solution,  as 
is  done  in  the  comparator. 

2.  Preparation  of  the  Reagents.- — In  addition  to  the  indi- 
cator N/20  acid  and  alkali  are  needed  for  standardization  and 
N/1  acid  and  alkali  for  adjusting  the  medium  to  the  desired 
concentration  of  ionized  hydrogen. 

The  same  strength  of  indicator  is  used  in  the  titrations  as 
was  added  originally  to  the  standard  test  solutions.  This  is 
an  aqueous  0.01  per  cent  solution  of  phenolsulphonephthalein 
made  up  as  follows:  A  measured  volume  of  indicator  is  ob- 
tained from  a  standardized  solution'  (1  cc.  =  6  milligrams)  is 
added  to  the  required  amount  of  distilled  water.  Of  this  a 
measured  volume  is  taken  and  boiled  for  several  minutes  to 
expel  the  carbon  dioxide.  The  solution  is  then  made  up  to 
the  original  volume,  so  as  not  to  alter  the  concentration  of  the 
indicator. 

In  order  to  keep  the  concentration  of  indicator  during  titra- 
tion the  same  as  its  concentration  in  the  standard  comparison 
tubes  (0.3  cc.  to  3  cc.  or  1  to  11),  the  solutions  of  N/20  acid 
and  alkali  used  for  titration  are  so  made  up  that  one-eleventh 
of  their  volume  consists  of  the  indicator  solution.     For  in- 


'  This  is  the  well-known  standardized  solution  of  phenolsulpho- 
nephthalein prepared  by  Hynson,  Westcott  &  Company,  of  Balti- 
more, Md.,  for  testing  kidney  function. 
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stance,  two  liters  of  such  a  solution '  are  prepared  according  [19] 
to  the  following  formula: 

Acid  or  alkali  N/10 1000  cc. 

Indicator,  0.01  per  cent 182  cc. 

Distilled  water  to  make 2000  cc. 

These  solutions  containing  the  indicator  are  used,  however, 
only  if  the  method  is  carried  out  according  to  procedure  B, 
described  below. 

The  normal  solutions  of  acid  or  alkali  are  measured,  steril- 
ized and  again  made  up  to  the  original  volume.  Adjustments 
in  the  reaction  of  bacteriological  culture  media  are  to  be  made  ['-0] 
after  sterilization  with  sterile  acid  or  alkali  for  reasons  which 
will  be  discussed  later.  For  the  adjustment  of  other  culture 
fluids,  however,  no  such  precautions  are  necessary. 

3.  Preliminary  Test. — The  medium  is  tested  first  to  ascer- 
tain what  its  ionization  is  before  adjustment.  This  prelim- 
inary test  can  be  carried  out  quickly :  To  3  cc.  of  fluid  is  added 
0.3  cc.  of  a  0.01  per  cent  solution  of  the  indicator,  the  fluid 
being  read  directly  in  the  comparator.  In  most  instances  the 
culture  fluid  has  been  roughly  adjusted  by  the  usual  methods 
so   that   its    reaction    falls    within    the    limits    of    the    .scale 

+  + 

(pH  =  6.4  to  pH  =  8.4).  If  the  medium  has  not  received  a 
preliminary  adjustment  of  reaction,  it  may  be  too  .acid  or  too 
alkaline  to  be  read  directly.  In  that  event  titrations  are  carried 
out  in  the  manner  to  be  described.  From  such  titrations  is 
determined  the  amount  of  acid  or  alkali  needed  to  bring  a  liter 
of  the  medium  tested  from  its  present  reaction  to  a  desired 
optimal  ionization. 

J/.  Method  of  Titration — Procedure  A. — It  may  be  well,  be- 
fore describing  the  manner  of  carrying  out  the  titration  which 
was  fuially  adopted  because  of  its  greater  simplicity,  to  present 
the  method  as  it  was  first  tried.    In  procedure  A  the  several 


'  This  solution  must  be  protected  from  light,  moisture,  and  car- 
bon dioxide.  If  the  vessel  containing  it  is  covered  with  a  box  and 
the  glass  tubing  leading  from  it  to  the  graduated  pipette  is  sur- 
rounded with  an  opaque  paper,  the  solution  can  be  kept  for  a  long 
time  without  fading  of  the  indicator.  The  solution  is  protected 
from  moisture  and  carbon  dioxide  by  inserting  into  one  opening 
of  the  stopper  a  tube  containing  potassium  hydroxide  and  calcium 
chloride. 
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[20]  steps  in  the  titration,  instead  of  being  combined  as  in  procedure 
B  to  be  described  below,  are  carried  out  separately. 

To  each  of  ten  test  tubes "  of  the  same  internal  diameter  and 
thickness  as  those  containing  the  standard  solutions  are  added 
5  cc.  of  the  medium  tested.  From  a  one  cubic  centimeter 
pipette  graduated  into  hundredths  is  added  X/20  acid  or  alkali, 
0.1  cc.  to  the  first  tube,  0.2  cc.  to  the  second  and  so  on  up  to  1  cc. 
to  the  tenth  tube.  An  amount  of  the  indicator  solution  cor- 
responding to  one  tenth  of  the  whole  volume  is  now  added  to 
each  tube.  The  amounts  of  the  acid  or  alkali  and  of  the 
indicator  solution  added  to  each  tube  in  this  procedure  are 
given  in  Table  III.     This  gives  a  series  of  tubes  containing 

TABLE  III. 

Amounts  of  N/20   Acid  or   Alkali  and  Amounts  or   Indicator 

Solution  Requibed  fob  Each  of  20  Tubes  Titrated 

ACCOBDINO   TO   PROCEDDBE    A. 


No.  of  Tube. 

1    ■    2 

3           4          5     1     6     1     7          S          9 

10 

N/20  acid  or  alkali 

in  cc. 
Amount  of  indicator 

in  cc. 

0.1 
0.31 

0.2 
0.32 

0.3 
0.33 

0.4  'o.5 
0.34  0.35 

0.6 
0.36 

0.7 
0.37 

0.8  0.9 
0.380.39 

1.0 
0.40 

No.  of  Tube. 

n   1   12  1    13 

14 

15        16 

17 

18    1    19 

•20 

N/20  acid  or  alkali 

I.l 

1.2 

1.3 

1.4 

1.5 

l.G 

1.7 

1.8 

1.9 

2.0 

in  cc. 

Amount  of  indicator 

0.41 

0.42 

6.43 

0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.50 

in  cc. 

the  medium  in  a  graded  scale  of  hydrogen  ion  concentration 
and  comparable  in  quality  and  intensity  of  color  with  the 
standard  comparison  tubes. 

From  among  the  ten  tubes  is  chosen  the  one  whose  color 
most  closely  approximates  that  of  the  standard  solution  to 
which  it  is  compared.     The  desired  ionization  may  lie  at  a 


•The  titration  of  ten  such  tubes  will  ordinarily  suffice  if  the 
medium  has  been  roughly  adjusted  to  begin  with.  In  Table  III 
are  given  the  amounts  of  alkali  and  Indicator  to  be  added  to  20 
tubes  should  it  be  necessary  to  carry  the  titrations  above  the 
tenth  tube. 
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certain  point  between  any  two  of  the  tubes  of  the  series,  in  [20] 
which  case  it  is  necessary  to  interpolate.  If,  for  instance, 
tube  No.  1  corresponds  to  the  value  pH  =  7.3  and  tube  No.  2 
to  pH  =  7.6,  and  the  hydrogen  ion  concentration  desired  in 
pH  =  7.5,  the  correct  amount  of  N/1  acid  or  alkali  to  be  added 
will  lie  on  the  curve  two-thirds  of  the  distance  between  that 
required  to  obtain  the  ionization  7.3  and  that  needed  to  give  the 
value  pH  =  7.6. 

5.  Procedure  B. — For  practical  use  it  has  been  found  advis- 
able to  combine  some  of  the  steps  in  the  titration  so  as  to  in- 
crease the  rapidity  of  the  method  without  affecting  its  accuracy. 
Instead  of  adding  the  alkali  and  the  indicator  separately  to 
each  tube,  the  two  solutions  have  been  combined  in  the  manner 
already  stated  in  the  paragraphs  on  the  preparation  of  the 
reagents.  This  solution  is  kept  in  a  vessel  shielded  from  the 
light  and  the  apparatus  is  so  arranged  that  the  solution  can  be 
delivered  directly  into  a  graduated  one-cubic-centimeter 
pipette,  provided  with  a  ground  glass  stopcock  on  the  principle 
of  a  burette.  With  such  an  arrangement,  the  titration  can  be 
carried  out  quickly  and  the  amounts  of  acid  or  alkali  used  are 
read  directly  on  the  pipette. 

The  method  is  further  simplified  because  the  titrations  can 
l)e  carried  out  with  3  cc.  instead  of  30  cc.  of  the  medium,  as 
in  procedure  A.  Furthermore,  greater  accuracy  is  attained, 
since  the  readings  in  hundredths  of  a  cubic  centimeter  can  now 
be  made  directly  on  the  pipette.  This  does  away  with  the  neces- 
sity of  interpolation  for  amounts  between  tenths  of  a  cubic 
centimeter — a  process  which  is  subject  to  inaccuracies.  Read- 
ings on  the  pipette  in  terms  of  the  N/20  solutions  used  for 
titration  can  be  converted  directly  into  N/1  acid  or  alkali  per 
liter  by  reference  to  Chart  I,  which  will  be  described  below. 

The  method  of  making  the  comparisons  is  identical  for  both 
procedures,  A  and  B. 

6.  Method  of  Adjusting  the  Media. — The  manner  of  adjust- 
ing the  medium  to  the  desired  hydrogen  ion  concentration  may 
be  made  clear  by  a  specific  example.  The  medium  which  has 
been  roughly  standardized  to  -1-0.5  or  -1-1.0  (Fuller  scale)  is 
sterilized  in  amounts,  the  volumes  of  which  have  been  pre- 
viously measured.    This  may  be  done  in  ordinary  flasks,  which 
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[20]  liave  been  graduated  before  use  to  a  definite  volume,  so  that 
any  fluid  lost  by  evaporation  during  sterilization  may  be  made 
up  by  the  addition  of  sterile  distilled  water.  If  it  is  desired, 
for  example,  to  adjust  such  a  medium  to  the  hydrogen  ion 
concentration  of  the  blood,  which  corresponds  to  about 
pll  =  7.5  on  the  scale,  a  3  cc.  sample  is  titrated,  as  already  ex- 
plained, until  a  color  is  obtained  which  matches  7.5  on  the 
scale.  Now  the  amount  of  N/20  alkali  used  is  read  directly  on 
the  graduated  pipette.  Should  this  reading  be  0.46  cc,  for 
instance,  its  equivalent  in  terms  of  N/1  alkali  per  liter  would 

[21]  be  9  cc.  This  conversion  of  N/20  into  N/1  alkali  can  be  made 
directly  from  Chart  I,  on  which  the  N/20  solution  is  plotted  as 
abscissae  and  the  N/1  solution  as  ordinates.  If  now  9  cc.  of 
N/1  alkali  be  added  to  a  liter  of  the  medium,  the  desired 
hydrogen  ion  concentration  will  be  obtained.  Should  the 
medium  be  alkaline  to  start  with,  it  is,  of  course,  necessary 
to  titrate  with  N/20  acid  and  to  adjust  the  mediimi  with  an 
equivalent  amount  of  normal  acid.  For  this  correction  the 
lower  curve  of  Chart  I  is  used. 

Although  the  titrations  are  made  with  N/20  acid  or  alkali 
solutions  in  order  to  insure  greater  accuracy  in  measurement, 
it  is  desirable  for  practical  purposes  to  make  the  adjustment 
with  normal  acid  or  alkali  so  as  not  to  dilute  the  media  too 
much.  The  conversion  of  the  amounts  of  N/20  solution  used 
into  the  corresponding  amounts  of  N/1  solution  required  per 
liter  is  accomplished  most  readily  and  accurately  by  plotting 
a  curve.  Such  a  curve  must  take  into  account  three  factors : 
the  alteration  in  volume  due  to  the  addition  of  concentrated 
rather  than  dilute  alkali  or  acid ;  the  differences  in  the  dilution 
of  the  "  buffers  "  of  the  medium,  in  the  one  instance  by  N/20 
solution,  and  in  the  other  by  N/1  solution;  and  lastly,  the 
degree  of  correspondence  between  the  N/20  solution  used  for 
the  titration  and  the  N/1  solution  used  for  adjusting  the 
medium. 

Only  the  first  of  these  conditions  can  be  satisfied  by  a 
curve  plotted  from  theoretical  calculations.  In  fact  the  use 
of  such  a  curve  has  convinced  us  of  its  inaccuracy.  In  order 
to  correct  for  all  three  of  the  variables,  it  was  found  necessary 
to  plot  a  curve  from  data  obtained  by  the  titration  of  an  average 
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Chabt  I. — Curves  indicating  the  actual  amounts  of  N/1  acid  or 
alkali  necessary  to  adjust  one  liter  of  medium  to  the  desired  hy- 
drogen ion  concentration,  as  indicated  by  the  amount  of  N/20  acid 
or  alkali  used. 
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[21]  laboratory  medium.  This  is  done  iu  tiie  followiii;^  maimer: 
To  five  25  cc.  samples  from  each  of  two  media,  one  originally 
acid  and  the  other  alkaline  in  reaction,  was  added  N/1  alkali 
and  acid  in  the  amounts  of  0.1  cc.  to  the  first  sample,  0.2  cc. 
to  the  second  and  so  on  up  to  the  last.  From  each  of  these 
samples  3  cc.  were  then  withdrawn  and  to  each  was  added 
0.3  cc.  of  the  indicator.  A  3  cc.  .sample  of  the  same  me- 
dium was  now  titrated  with  N/20  alkali  or  acid,  after  the 
addition  of  0.3  cc.  of  the  indicator  solution,  until  its  color 
matched  successively  the  color  of  each  of  the  five  tubes.  The 
amounts  of  N/20  solution  required  were  plotted  as  abscissae 
and  tlie  corresponding  amounts  of  N/1  solution  as  ordinates. 

The  upper  and  lower  curves  of  Chart  I  express  the  relation 
e.\i?ting  between  the  numljer  of  cubic  centimeters  of  N/1 
alkali  or  acid  per  liter  of  medium  and  the  number  of  cubic 
centimeters  of  N/20  alkali  or  acid  per  3  cc.  of  medium  neces- 
sary to  bring  about  the  same  liydrogen  ion  concentration.  In 
this  way  account  is  taken  also  of  the  effect  upon  ionization  of 
the  "buffers,"  by  the  dilution  of  the  medium  in  the  one 
instance  by  N/20  solution  and  in  the  other  by  N/1  solution. 
Such  curves  plotted  for  an  average  medium '  will  be  found  true 
for  almost  all  similar  media. 

It  is  recommended  that  each  worker  using  this  procedure 
plot  such  reference  curves.  This  will  add  greatly  to  the  ac- 
curacy of  the  method,  since,  besides  correcting  for  volume 
and  dilution  of  "  bufl'ers,"  these  curves  correct  also  for  any 
error  which  may  arise  from  lack  of  correspondence  between 
the  N/20  solutions  used  for  titration  and  the  N/1  solutions 
used  for  adjusting  the  media. 

In  order  that  the  application  of  this  method  may  yield 
satisfactory  results  in  the  adjustment  of  bacteriological  culture 
media,  it  is  essential,  in  the  first  place,  that  the  medium  be 
roughly  adjusted  in  the  beginning,  and  secondly,  that  the 
correction  in  reaction  be  made  with  a  sterile  acid  or  alkali. 
Such  a  rough  correction  conducted  in  the  usual  manner  serves 


"Most  of  the  media  tested  in  this  laboratory  were  prepared  by 
extracting  meat  for  18-24  hours  in  the  cold  and  then  adding  to 
this  extract  one  per  cent  peptone,  either  Witte  or  Chapoteaut. 

(16) 


a  two-1'old  purpose :  (1)  it  brings  the  reaction  within  ihe  raiigu  [-il] 
of  the  standard  scale,  thus  making  a  direct  reading  in  terms 
of  hydrogen  ion  concentration  possible;  and  (2)  it  necessi- 
tates the  addition  of  smaller  quantities  of  acid  or  alkali  for  the 
final  adjustment  of  the  sterile  medium.  This  obviates  the  [22] 
dilution  of  the  active  ingredients  and  the  possibility  of  precipi- 
tate formation,  which  may  result  from  the  addition  of  too  large 
quantities  of  acid  or  alkali.'" 

The  fallacy  of  correcting  by  the  titrimetric  method  the  reac- 
tion of  a  medium  before  sterilization  applies  all  the  more  to 
the  procedure  under  consideration.  It  is  now  well  known  that 
media  show  not  only  an  increase  in  titratable  acidity  after 
sterilization  (12),  but,  as  would  be  anticipated,  sterilization 
changes  the  equilibrium  of  hydrogen  and  hydroxyl  ions  (13). 
This  change  may  or  may  not  be  accompanied  by  precipitation. 
It  follows,  that  adjustments  in  the  hydrogen  ion  concentration 
made  before  sterilization  do  not  hold  for  media  after  they 
have  been  sterilized.  This  is  all  the  more  true  of  the  finer 
adjustments  in  the  ionization  which  are  obtainable  by  the  pro- 
cedure outlined.  It  has,  therefore,  become  the  custom  of  some 
workers  (14)  to  correct  their  media  by  adding  a  sterile  acid  or 
alkali  to  the  sterilized  medium. 

The  matter  is  much  simplified,  however,  where  the  question 
of  sterilization  does  not  enter,  as  in  the  case  of  other  culture 
fluids,  fir  instance,  those  containing  active  enzymes.  The  lat- 
ter can  be  readily  adjusted  to  any  optimal  ionization  directly, 
if  their  range  of  activity  lies  within  the  concentration  of  hy- 
drogen ions  represented  by  the  standard  solutions  used. 

Results  of  the  JIethod. 

In  order  to  determine  the  accuracy  and  the  usefulness  of  the 
method,  titrations  were  carried  out  on  various  samples  of 
media — bouillon,  agar,  and  gelatin,  chosen  at  random  from  the 
different  batches  in  the  laboratory.  Most  of  these  had  been 
adjusted  previously  according  to  the  Fuller  scale,  so  that  their 


'"As  Clark  (p.  127)  points  out,  proteins  exist  in  solution  only 
within  certain  narrow  limits  of  hydrogen  ion  concentration,  and 
the  precipitation  of  these  and  other  substances  of  a  complex  me 
dium  occurs  as  the  hydrogen  ion  concentration  is  chanjed. 

(17) 


[21]  rcactitin  fell  within  the  limits  of  thu  colorimetric  scale.  In 
practice  such  media  are  usually  found  acid,  necessitating, 
therefore,  an  addition  of  alkali  to  adjust  them  to  the  desired 
reaction.  In  order  to  test  out  the  applicability  of  the  method 
to  the  adjustment  of  media  found  to  be  too  alkaline,  titrations 
were  also  carried  out  with  N/20  acid  instead  of  alkali  upon 
samples  which  had  been  previously  made  alkaline. 

After  determining  the  amount  of  N/1  alkali  or  acid  needed 
to  bring  the  test  medium  to  the  desired  hydrogen  ion  concen- 
tration, this  amount  was  added  to  a  25  cc.  sample  and  a  deter- 
mination again  made  of  the  adjusted  medium. 

Forty-nine  determinations  were  made  upon  twenty-three 
different  samples  of  media.  The  results  of  the  titrations  are 
recorded  in  Tables  IV  and  V.  In  Table  IV  are  listed  the 
various  media  just  as  they  were  prepared  for  use  in  the  labora- 
tory, while  in  Table  V  are  recorded  the  results  of  titrations 
of  media  made  alkaline  for  experimental  purposes. 

It  will  be  seen  that,  for  the  most  part,  the  correspondence 
between  the  hydrogen  ion  concentration  desired  and  that 
obtained  by  the  addition  of  the  correct  amount  of  alkali  or  acid 
is  very  close.  Such  accuracy  in  titration  is  readily  obtained 
after  sufficient  familiarity  with  the  technique  and  the  standard 
color  scale. 

In  several  instances  determinations  of  the  hydrogen  ion 
concentration  of  solid  media  were  made.  Media  containing 
agar  or  gelatin  were  first  rendered  fluid  by  bringing  them  to  the 
proper  temperature.  To  the  fluid  solution  was  then  added 
the  indicator.  The  medium  was  inverted  in  the  test  tube 
several  times  to  distribute  the  color  evenly,  and  allowed  to 
solidify."  Determinations  of  the  hydrogen  ion  concentration 
of  the  solidified  medium  could  then  be  made  directly  in  the 
comparator.  Most  of  the  samples  tested  in  this  manner  were 
sufficiently  transparent  to  make  a  color  comparison  extremely 
accurate.  In  a  few  cases  samples  of  agar  were  adjusted  with 
the  calculated  amount  of  acid  or  alkali  and  determinations  of 


"  Readings  should  be  made  on  the  solidified  medium  at  a  con- 
stant rocm  temperature,  since  the  hydrogen  ion  concentration 
changes  with  the  temperature. 

(18) 


the  adjusted  samples  of  the  solidified  media  were  made,  as  in  [22] 
the  case  of  fluid  media.    These  tests  convinced  us  of  the  use- 
fulness of  the  method  for  the  determination  of  the  hydrogen 
ion  concentration  of  solid  media. 

Usefulness  and  Applicability  of  the  Method. 

In  discussing  the  practice  of  adjusting  media  by  the  method 
of  titration  in  general  use,  attention  was  called  to  the  varia- 
tions in  hydrogen  ion  concentration  possessed  by  media  ad- 
justed to  the  same  point  on  the  Fuller  scale.  In  spite  of  these 
variations  in  reaction,  however,  most  bacteria  have  been  suc- 
cessfully cultivated.  Clark's  experience  has  been  that  B.  coli 
and  certain  streptococci  will  grow  in  media  with  hydrogen  ion 
concentration  values  varying  from  pH  =  5.5  to  pH  =  9.0.  This 
fact  is  now  readily  explained  by  the  presence  in  such  media  of 
"  regulators "  or  "  buffers."  These,  as  already  explained, 
prevent  rapid  changes  in  hydrogen  ion  concentration,  which 
may  be  produced  by  the  metabolic  products  of  bacterial  growth. 
This  explains  the  value  of  an  infusion  rich  in  "  buffers  "  (prin- 
cipally the  phosphates,  carbonates,  and  amphoteric  proteins) 
whose  ionization  is  little  altered  by  a  considerable  variation  in 
titratable  acidity. 

Chart  II  illustrates  graphically  the  difference  in  the  "  buf- 
fer effect "  of  several  such  media,  as  measured  by  the  amount 
of  N/20  acid  or  alkali  needed  to  bring  each  from  one  concen- 
tration to  another  given  concentration  of  hydrogen  ions.  It 
will  be  observed  that  the  media  rich  in  "  buffers  "  show  flatter 
curves  than  those  that  are  poor  in  "  buffers,"  for  the  reason 
that  a  transition  from  one  point  on  the  scale  to  another  requires 
more  acid  or  alkali.  Similar  curves  obtained  by  the  use  of  the 
hydrogen  electrode  have  been  plotted  by  Clark  (15).  It  is 
more  simple,  however,  to  obtain  such  curves  by  using  the 
colorinietric  method.  Their  value  rests  in  the  important  in- 
formation they  give  concerning  the  "  buffer "  content  of  a 
medium  upon  which  depends,  in  large  measure,  its  usefulness 
for  the  growth  of  bacteria. 

The  real  usefulness  of  the  colorinietric  method,  however,  [24] 
must  be  sought  in  its  greater  accuracy  and  in  its  wide  scope  of 
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[24]  applicability.  It  will  be  found  of  great  value  in  the  adjustment 
of  the  hydrogeu  ion  concentration  of  media  for  organisms 
which  are  more  sensitive  to  the  reaction  of  their  culture  fluids. 
The  method  is  comparable  in  a  way  to  the  fine  adjustment 
of  a  microscope,  the  method  «f  titratable  acidity  serving  only 
to  adjust  media  coarsely  for  the  growth  of  the  average  organ- 
ism.    Its  further  usefulness  will  be  found  in  careful  studies 
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OiiAUT  II. — Titration  curves  of  various  media  obtained  with  phenolsul- 
phonephthalein,  showing  the  effect  of  "  buffers "  upon  hydrogen  ion  con- 
centration. 

upon  the  morphology,  mutations  and  metabolisms  of  organ- 
isms, bacteria  "  and  also  protozoa.  Whether  the  colorimetric 
method  in  its  present  form  is  suitable  as  a  substitute  for  those 
now  in  general  use  in  bacteriological  laboratories  can  be  de- 
cided only  after  it  has  been  accorded  a  more  extensive  appli- 
cation. 


"Blumenthal  (Ztschr.  f.  klin.,  Med.,  1895,  XXVIII,  223)  has 
shown  that  the  reaction  of  tlie  medium  influences  appreciably  the 
relative  proportions  of  the  end-products  of  fermentation  and 
putrefaction. 
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Already  we  liavu  found  the  method,  with  some  moditieation.s,  [■34] 
useful  ill  determining  tlie  reaetioii  of  other  hiologieal  fluids. 
Further  studies  in  this  direction  are  now  being  carried  out  in 
this  laboratory. 

In  conclusion,  we  wish  to  express  our  indebtedness  to  Drs. 
Eowntree  and  Marriott  for  providing  us  with  a  set  of  the 
standard  test  solutions,  made  under  tlicir  supervision  by  Mr. 
Dunning,  of  liynson,  Westcott  &  Company,  lialtimore,  Md., 
and  for  valuable  suggestions  regarding  their  use. 
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A    LABORATORY    INFECTION    CAUSED    BY    A    BOVINE 
STRAIN     OF     BACILLUS     ENTERITIDIS 

K.    F.    Meyer 

From  the  George  IVitliams  Hooper  Foundation  for  Medical  Research  of  the  University 
of   California,   San  Francisco 

Cases  of  meat  poisoning  caused  by  Bacillus  enteritidis  (Gartner) 
or  closely  allied  organisms  are  very  rare  in  the  United  States.  The 
rarity  of  such  infections  is  surprising  in  the  light  of  numerous  obser- 
vations showing  that  food-producing  animals,  as  well  as  experimental 
animals,  are  not  infrequently  infected  with  these  organisms.  In  recent 
years,  for  instance,  paratyphoid  organisms  have  been  isolated  from 
canary  birds  and  horses,  and  B.  enteritidis  has  been  found  present  in 
guinea-pigs,  rats,  dogs  (Torrey  and  Rahe^),  and  calves  (Meyer, 
Traum,  and  Roadhouse=).  All  of  these  animals  act,  in  various  ways, 
as  sources  of  infection  for  man,  and  in  fact  the  history  of  meat-poison- 
ing epidemics  has  shown  that  they  coincide  in  a  most  remarkable  man- 
ner with  the  consumption  of  meat  from  animals  infected  v^^ith  septic 
diseases  caused,  for  the  most  part,  by  bacteria  which  biologically  are 
identical  with  those  isolated  from  the  gastro-intestinal  canal  of  cases 
of  meat  poisoning  in  man.  Workers  have  always  been  disappointed 
in  not  being  able  to  demonstrate  experimentally  the  pathogenicity  for 
men  of  the  animal  strains  of  the  paratyphoid-enteritidis  group  of  bac- 
teria, altho  descriptions  of  a  few  human  infections  with  mouse  typhoid 
bacilli^  have  supplied  some  valuable  information  concerning  the  patho- 
genesis of  paratyphoid  organisms.  In  the  light  of  the  many  undecided 
questions  which  such  infections  present  for  consideration,  it  seems 
worth  while  to  give  a  description  of  an  interesting  laboratory  infection 
which  took  place  during  an  investigation  of  the  etiology  of  infectious 
diarrhea  of  calves. 

The   Case 

History. — A  young  man,  aged  26  years,  was  infected  January  14  while 
assisting  in  the  feeding  of  a  calf  with  sterilized  milk  containing  25  c.c.  of  a 
24-hour-old  culture  of  the  paracolon  bacillus    (B.   enteritidis,   Gartner,   Strain 

'  Jour.  Med.  Research,  1912,  27,  p.  315. 

=  Jour.  Am.  Vet.  Med.  Assn.,  1916,  49,  p.  17. 

'  See  the  publications  of  Trommsdorff,  MGnchen.  Med.  Wchnschr.,  1903,  50,  p.  2092; 
Meyer,  Ibid.,  1905,  52,  p.  2261;  Shibayama.  Ibid.,  1907,  54,  p.  979;  and  Handson,  Williams, 
and  Klein,  Brit.   Med.  Jour.,   1908,  2,  p.  1547. 
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1239),  which  had  been  isolated  30  days  previously.  The  patient  could  not 
recall  the  manner  in  which  he  had  contaminated  his  hands  nor  did  he  remem- 
ber what  precautions  he  had  employed  for  disinfecting  them  before  the  eve- 
ning meal. 

From  10  to  12  hours  later  the  patient  was  seized  with  severe  abdominal 
cramps,  nausea,  and  diarrhea.  By  this  time  he  had  passed  from  3  to  4  semi- 
solid stools,  and  by  the  end  of  the  first  20  hours  he  had  passed  10.  The 
nausea,  abdominal  cramps,  and  flatulence  continued.  The  temperature  at  this 
time  was  101  F.,  and  the  patient  complained  of  loss  of  appetite,  headache,  and 
thirst.  The  tongue  was  coated,  and  there  were  marked  fetor  oris,  and  sup- 
pression of  urine. 

Forty-eight  hours  later  the  temperature  fell  to  99.9  F.,  but  the  patient 
still  felt  weak  and  depressed.  Abdominal  pain,  tenesmus,  and  diarrhea  con- 
tinued. During  the  second  24  hours,  he  had  passed  12  watery  stools.  These 
were  deeply  bile-stained,  like  rice  soup  in  character,  and  contained  greenish 
pellets  of  fecal  matter.  In  the  evening  the  patient  took  5  grains  of  calomel. 
The  diarrhea  did  not  cease,  the  patient  passing  10  more  liquid  stools  in  the 
subsequent  24  hours.  These  were  light-yellow  but  contained  very  little  mucus. 
In  the  evening  the  patient  again  took  5  grains  of  calomel. 

On  January  18  the  patient's  temperature  again  rose  to  100  F.  He  felt 
weak  and  thirsty,  with  a  peculiar  desire  for  salt.  On  this  day  the  patient  had 
passed  from  8  to  10  stools.  The  diarrhea  persisted  for  2  more  days,  during 
which  he  passed  from  6  to  10  stools. 

A  week  following  the  onset  of  his  illness  the  patient  felt  well  and  ate  his 
regular  meals  without  any  ill  effect.  So  far  as  could  be  ascertained  he  had 
suffered  from  a  chronic  raucous  colitis,  which  persisted  more  or  less  unaffected 
by  the  present  illness,  as  was  evidenced  by  the  irregular  elimination  of 
mucous  casts. 

Bacteriologic  Examinction. — The  relation  of  the  gastro-intestinal  distur- 
bance to  the  feeding  experiment  was  unsuspected  until  4  days  after  the  onset 
of  the  infection.  At  this  time  a  solid  particle  of  feces  was  enriched  in  bile 
broth  and  after  12  hours'  incubation  was  plated  on  litmus-lactose  agar.  Numer- 
ous bluish  transparent  colonies  developed,  which  were  identified  as  B.  enter- 
itidis  (Gartner).  The  various  subcultures  obtained,  behaved  in  every  respect 
like  Calf  Strain  1239."  Its  characteristic  behavior  in  arabinose  broth  was  noted ; 
indeed,  even  the  first  8  or  10  transplants  failed  to  ferment  this  pentose.  In 
the  white  colonies  on  solid  arabinose  endo  medium  there  developed,  in  from  about 
5  to  7  days,  red  bud-like  daughter  colonies  consisting  of  an  arabinose  "mutant." 

The  first  few  transplants  of  the  bacillus  were  agglutinated  only  in  a  dilu- 
tion of  1 :  6000  by  a  serum  which  agglutinated  Strain  1239  in  a  dilution  of 
1 :  10,000.  A  sample  of  stool  was  plated  on  January  21  directly  on  litmus-lactose 
agar.  Thirty-seven  colonies  of  B.  enteritidis  and  30  colonies  of  lactose-ferment- 
ing organisms  were  found  in  1  loopful  of  liquid  stool.  Stool  samples  taken 
on  the  following  days  gave  positive  findings  of  paracolon  bacilli :  January  18. 
20,  21,  23,  25.  26,  28,  30,  and  February  1.  The  samples  taken  on  February  3. 
S,  10,  May  10,  and  June  19,  were  found  free  of  paracolon  bacilli,  even  after 
an  enrichment  in  bile  and  in  malachite  green  broth.  A  large  mucous  cast 
eliminated  in  June  proved  bacteriologically  to  be  free  from  B.  enteritidis. 

The  pathogenicity  of  the  strain  isolated  from  the  laboratory  infection  is. 
in  some  respects,  interesting.  Mice  fed  with  broth  directly  by  placing  1  drop 
of  a  24-hour-oId  broth  culture  on  the  tongue,  either  survived  or  died,  with 
all  the  lesions  of  an  infection  with  B.  typhi-murium,  in  from  8  to  IS  days  after 
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feeding  of  the  bacteria.  Mice  fed  liovvever  with  meat  soiled  with  a  few  drops 
of  a  suspension  of  B.  enteritidis,  succumbed  regularly  to  tlie  feeding  infection 
in  from  4  to  10  days,  the  anatomic  lesions  consisting  of  a  hemorrhagic  colitis, 
splenic  tumor,  and  liver  necroses.  In  a  few  instances  some  of  the  control 
mice  acquired  tlie  infection   from  infected  animals  occupying  the  same  cage. 

Serologic  Examination. — -The  serum  of  the  patient  agglutinated  neither  the 
typhoid  bacillus  nor  the  paracolon  bacillus  isolated  from  his  stools  6  days 
after  the  onset  of  the  gastro-intestinal  infection. 

On  February  3  the  scrum  of  the  patient  was  tested  against  various  intestinal 
organisms,  and  agglutination  occurred  in  a  dilution  of  1 :  1280  only  with  the 
paracolon  organisms  isolated  from  the  patient  and  witli  those  previously  cul- 
tured from  the  calves.  No  agglutination  with  one  typhoid  bacillus  strain  was 
obtained. 

TABLE    1 

Results  of  Agglutination   Tests   in    a  Case  of   Infection    with    B.    Enteritidis 


Antisera 


Bacillus  of 
Patient 


B.  Enteritidis 
(Strassburg) 


B.  Enteritidis 
(A.  M.  X.  H.) 


B.  typhosus  (Cross) 

B.  paratyrhosus  X  (polyvalent) 

B.  paratyphosus  A  (Strassburg) 

B.  paratyphosus  B  (polyvalent,  Nos.  4  and  5) 

B.  paratyphosus  B  (homo.  Strassburg) 

B.  suipestiler  (Strassburg) 

B.  suipestifer  V , 

B.  suipestifer  (Voldagsen) 

B.  suipestifer  (typhi-suis) 

B.  abortivus-equinarius 

B.  enteritidis  (A.  M.  N.  H.) 

B.  enteritidis  (Strassburg) 

B.  enteritidis  (guinea-pis,  Plotz  No.  4) 

B.  enteritidis  (No.  5.  calf  strain  1239) 

B.  enteritidis  (No.  18) 

B.  typhi-murium  (Loeffler  No.  1) 


l:2(X) 

0 

0 

0 

0 

0 

0 

0 

0 

0 
1:10,000 
1;  20,000 
1:10.000 
1:6000 
1:2000 
1:10,000 


1:40 

0 

0 
1:2000 

0 

0 
1:20 

0 

0 

0 
1:10.000 
1:10,000 


1:B0 
1:200 
1:20 
l:10OO 

0 
1:100 
1:20 

0 

0 

0 
1:10,000 
1:10,000 


1:6000 
1:10,000 


Monovalent  and  polyvalent  sera  prepared  with  well-known  organ- 
isms of  the  typhoid-paratyphoid  groups  gave,  with  the  paracolon  bacil- 
lus of  the  patient,  reactions  which  are  summarized  in  Table  1.  For 
comparison,  2  other  typical  strains  of  B.  enteritidis  are  included  in  the 
table.  The  absence  of  co-agglutination  of  the  patient's  strain  by  para- 
typhoid sera  is  interesting  in  many  respects. 

Through  the  careful  investigations  of  Poels  and  Jensen*  it  has 
become  established  that  the  so-called  paracolon  bacilli  isolated  from 
calves  suffering  with  infectious  diarrhea  are  related  both  serologically 
and  biochemically  to  B.  enteritidis  (Gartner)  and  to  the  ratin  bacillus. 
These  findings  naturally  suggest  the  possibility  that  these  organisms 
may  also  play  a  part  in  the  etiology  of  certain  enteric  fevers  in  man. 
The  meagerness  of  studies  in  this  connection  may  be  attributed  to  the 
fact  that  these  organisms  have  been  considered  to  be  pathogenic  only 
for  man,  and  that  food-producing  animals  have  been  thought  to  become 


*  KoUe  and  Wassermann's  Handb.  d.  pathogen.  Microorganismen,   1913,  6,  p.   126. 
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only  accidentally  infected  with  such  organisms.  But  up  to  within 
recent  years  the  possibility  of  the  existence  of  a  reverse  condition  was 
not  entertained.  This  was  largely  because  of  the  failure  to  produce 
in  large  animals  a  paratyphoid-like  disease  by  the  inoculation  of  such 
organisms  found  pathogenic  for  man. 

However,  the  facts  concerning  the  distribution  and  prevalence  of 
bacteria  belonging  to  the  parathyphoid-enteritidis  group  which  have 
accumulated  in  the  last  few  years,  have  led  many  hygienists  to  express 
the  belief  that  all  cases  of  meat  poisoning  are  directly  due  to  intra- 
vitam  contamination  of  the  meat  by  such  bacteria. 

Furthermore,  carefully  conducted  inquiries  into  recent  outbreaks 
of  meat  poisoning  have  again  failed  completely  to  support  this  con- 
tention. In  this  connection  it  is  remarkable  that  very  few  cases  of 
meat  poisoning  are  reported  in  the  United  States,  where  hog  cholera 
is  very  prevalent.  In  this  disease  of  swine,  secondary  invaders  of  the 
paratyphoid  group  are  always  present  and  are  doubtless  being  taken 
into  the  human  intestinal  tract  without  ill  efifect.  Again,  the  occur- 
rence of  infection  in  calves  with  organisms  like  B.  enteritidis  has  been 
reported  in  California,  and  yet  no  epidemics  of  meat  poisoning  have 
been  found  traceable  to  veal  infected  with  B.  enteritidis 

This  may  be  explained  by  the  fact  that  in  the  United  States,  unlike 
Belgium  and  Germany,  which,  according  to  Sacquepee,°  are  "les  ter- 
rains de  predilection  des  intoxications  alimentaires,"  no  emergency 
slaughtering  of  diseased  animals  is  practiced,  and  the  meat  of  such 
animals  is  rarely  consumed.  Moreover,  the  dangers  from  infected 
veal  are  reduced  by  the  strict,  tho  wasteful,  regulations  adopted  by  the 
various  states  in  the  inspection  of  bob  veal  and  meat  in  general.  Infec- 
tions from  postmortem-contaminated  meat  are  also  reduced  on  account 
of  the  limited  use  of  minced,  uncooked,  or  half-cooked  meat  and  the 
probable  absence  of  a  sufficiently  large  number  of  human  carriers. 
The  yearly  increasing  improvements  in  dairy  inspection  and  pasteuri- 
zation of  milk  lessen  the  possibility  of  infections  by  this  channel. 

Probably  all  these  conditions  are  only  in  part  responsible  for  the 
absence  of  infections  with  B.  enteritidis  in  the  United  States.  Thus 
far  no  proof  has  been  brought  forward  to  show  with  any  certainty 
that  the  paracolon  bacilli  or  B.  enteritidis  isolated  from  diseases  of 
calves  are  always  pathogenic  for  man  and,  therefore,  always  capable 
of  causing  meat  poisoning.  In  the  state  of  California  paracolon- 
bacillus  infections  of  calves  are  not  rare;  thus  far,  only  one  epidemic 

*  Les  cmpoisonnements  alimentaires,  1909,  p.   12. 
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of  meat  poisoning  is  on  record  (Hogan"),  and  this  has  not  been  sub- 
jected to  a  rigorous  bacteriologic  investigation. 

In  explanation  of  these  facts  two  possibiHties  must  be  entertained : 
In  the  first  place,  the  various  strains  of  B.  enteritidis  may  not  be  iden- 
tical in  their  behavior  towards  man,  or  it  is  not  unlikely  that  some 
predisix)sing  factors,  so  far  unknown,  are  necessary  for  successful 
infections.  Secondly,  it  is  possible  that  epidemics  of  meat  poisoning 
caused  by  B.  enteritidis  or  paracolon  bacilli  do  occur,  but  that  they 
are  of  such  mild  character  as  to  be  rarely  brought  to  public  attention. 

The  first  possibility  is  apparently  well  supported  by  the  observations 
of  Wiemann"  and  Rimpau,*  who  state  that  veal  of  animals  from  which 
they  had  isolated  paracolon  bacilli  had  been  eaten  without  causing 
the  slightest  harm.  In  support  of  this,  Wiemann  reports  the  follow- 
ing instance:  On  a  farm,  over  60  calves  suffering  from  paracolon 
bacillosis  were  used  as  food  either  after  slaughter  or  after  death,  and 
yet  no  infection  resulted. 

That  the  second  explanation  also  has  some  facts  to  support  it  is 
shown  by  a  statement  of  Christiansen."  In  Denmark,  paracolon 
bacillosis  of  calves  is  one  of  the  greatest  scourges  of  the  livestock 
industry,  and  yet  extensive  reports  of  epidemics  of  meat  poisoning  are 
unknown. 

Referring  to  this  point  Christiansen"  in  his  article  on  paracolon 
bacillosis  states : 

"Even  if  very  serious  cases  of  poisoning  are  rarely  substantiated — wliich 
does  not  mean  that  they  rarely  occur — still  we  have  lately  seen  a  case  here  of 
mild  meat  poisoning.  Thus  in  the  last  few  years  wholesale  cases  of  meat 
poisoning  have  occurred  at  the  hospitals  of  Copenhagen ;  fortunately  these 
cases  have  been  of  a  mild  nature  in  that  the  disease  has  been  limited  to  thin 
purgation  a  few  times  together  with  stomach  cramps  and  in  the  worst  cases 
vomiting  and  diarrhea  for  a  day.  These  cases  have  always  occurred  after 
the  eating  of  a  meat  course,  which  in  almost  all  cases,  has  been  of  veal.  But 
this  does  not  indicate  that  paracolon  bacillosis  caused  them,  for  investigations 
in  regard  to  the  etiology  of  the  cases  are  not  at  hand,  but  they  show  at  any 
rate  that  cases  of  meat  poisoning,  especially  such  as  are  occasioned  by  the 
eating  of  veal,  are  not  so  rare,  and  like  cases  could  very  well  occur  in  greater 
number  in  the  country,  without  being  brought  to  the  knowledge  of  the  public 
if  peculiar  circumstances  connected  with  their  appearance,  in  hospitals  and  like 
institutions,  had  but  made  them  better  known.  It  is  therefore  not  right  to 
say  that  meat  poisoning  rarely  occurs  here  in  this  country,  nor  is  it  right 
to   use    this   as    an   argument    for   the   safety   of    man    against   the    paracolon 

"  Bull.  California  State  Board  of  Health,   1908,  4,  p.  67. 
"  Thesis,  University  of  Bern,  1909,  p.  2-t. 

•  Klin.  Jahrb.,  1911,  22,  p.  145.     Arch.  f.  Hyg.,  1913,  76,  p.  9. 

•  Rep.  Serum  Lab.,  Roy.  Vet.  and  Agr.  High  School,  Copenhagen,  1915,  35,  pp.  4,  73. 
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bacilli."      (I   am    indebted   to    Miss    Louise   H.   Madsen    for   the   translation   of 
the  Danish  text.) 

The  necessity  of  a  careful  bacteriologic  investigation  of  every 
gastro-intestinal  infection  is  again  suggested  by  these  observations, 
and  the  collection  of  all  the  data  concerning  the  behavior  of  paracolon 
bacilli  in  man  is  made  imperative. 

DISCUSSION 

The  detailed  description  of  a  laboratory  infection  with  B.  entcri- 
tidis  isolated  from  the  blood  stream  of  a  calf  suffering  from  infectious 
diarrhea  demonstrates  the  fact  that  such  strains  can  acquire  patho- 
genicity for  man.  The  course  of  the  infection  was  severe,  probably 
due  to  predisposing  conditions  in  the  intestinal  tract  of  the  patient. 
This  predisposition  in  form  of  a  mucous  colitis  is  doubtless  of  con- 
siderable importance,  since  at  least  5  other  members  of  the  laboratory 
stafif  handled,  in  a  very  careless  manner,  feces,  organs,  and  cultures 
richly  impregnated  with  these  paracolon  bacilli,  and  yet  no  additional 
infection  was  brought  to  our  attention.  Unfortunately  specimens  were 
not  obtainable  from  all  the  men  who  handled  material  contaminated 
with  paracolon  bacilli.  It  would  have  been  interesting  to  determine 
the  possible  occurrence  of  individuals  who  could  temporarily  eliminate 
the  bacilli,  as  Conradi'"  and  Rimpau^  were  able  to  show  on  several 
occasions.  Thus,  in  the  famous  meat-poisoning  epidemic  of  St. 
Johann,  numerous  persons  who  had  eaten  infected  meat  remained  in 
perfect  health  and  yet  eliminated  Gartner  bacilli,  according  to  Rimpau. 
That  B.  enteritidis  of  animal  origin  is  only  pathogenic  in  man  when 
particularly  favorable  conditions  obtain  in  the  internal  tract  for  their 
localization,  is  quite  clear  from  numerous  statements  and  from  the 
evidence  presented ;  it  is  therefore  imnecessary  to  assume  that  some 
strains  are  more  virulent  than  others.  Naturally,  passage  through 
man  will  enhance  their  pathogenic  properties  for  man,  and  contact 
infection,  in  which  milk  and  other  foodstuffs  can  act  as  vehicles,  will 
result. 

It  would  appear  from  our  observations  that  in  this  instance  the 
introduction  of  heat-resistant  toxins  together  with  the  bacteria  did  not 
play  a  very  important  part  in  the  infection.  The  toxin  produced  in 
the  broth  was  considerably  diluted  with  milk  and  it  is  proper  to  assume 
that  the  bacteria  alone  were  taken  into  the  intestinal  tract  of  the 
patient. 

'°  Klin.  Jahrb.,  1909,  21,  p.  421. 
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According  to  the  experiments  on  mice  the  addition  of  meat  to  the 
paracolon  bacilli  enhances  the  chances  for  a  successful  infection. 
Probably  the  toxins  which  are  more  extensively  produced  in  meat  than 
in  other  media,  as  well  as  the  catarrhal  inflammation  which  results 
from  a  diet  of  raw  meat  in  mice,  may  be  the  predisposing  factors  for 
the  infection. 

The  virulence  of  the  paracolon  organisms  was  also  not  particularly 
high  for  calves ;  one  feeding  experiment  did  not  result  in  the  death  ot 
the  animal  and  it  was  noted  that  several  calves  recovered  spontaneously 
from  contact  infection  contracted  under  natural  conditions. 

The  course  of  the  laboratory  infection  corresponded  well  with  the 
typical  gastro-intestinal  form  of  paratyphoid  infection.  Complete 
recovery  resulted  in  less  than  2  weeks.  The  causative  micro-organ- 
isms disappeared  entirely  from  the  intestinal  canal  in  20  days  after  the 
infection.  Repeated  stool  and  numerous  cast-examinations  gave 
always  negative  results  after  February  3.  This  observation  confirms 
the  observations  by  Rimpau  and  others  in  numerous  epidemics,  that 
chronic  carriers  of  B.  enteritidis  do  not  develop  as  the  result  of  meat 
poisoning. 

The  positive  agglutination  reaction  with  the  serum  of  the  patient 
is  further  proof  of  the  etiologic  relation  of  the  calf  strain  to  the 
infection.  The  observation  that  the  serum  failed  to  co-agglutinate  two 
.strains  of  B.  typhosus  is,  in  the  light  of  Langkau's^^  work,  very  sug- 
gestive. Bacteria  of  the  Gartner  group  always  have  the  tendency  to  be 
C0"2gglutinated  by  a  typhoid  serum,  even  in  high  dilutions,  and  in 
contrast  with  sera  in  paratyphoid  infections,  sera  of  patients  infected 
with  B.  enteritidis  in  most  instances  agglutinate  B.  typhosus  (Rim- 
pau'-). Furthermore,  Langkau  was  able  to  show  that  paracolon 
strains  from  calves  are  not  co-agglutinated  by  typhoid-  or  paratyphoid- 
immune  sera,  a  condition  which  is  always  characteristic  of  strains  of 
B.  enteritidis  from  man,  and  that  this  behavior  gives  a  means  of  differ- 
entiating the  various  types  of  B.  enteritidis.  The  agglutination  tests 
in  Table  1  apparently  support  his  findings  with  the  exception  that  a 
typhoid  serum  co-agglutinated  the  human  as  well  as  the  calf  strain  (not 
tabulated,  for  the  sake  of  brevity)  of  B.  enteritidis.  On  the  other 
hand,  the  paratyphoid  and  suipestifer  sera  did  not  agglutinate  the  para- 
colon strains. 

"  Thesis,  Leipsig,  1909. 

'-  Mflnchen.  med.  Wclinsclir.,  1909,  56,  p.   1S43. 
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So  far  as  we  are  aware,  this  is  the  first  instance  reported  in  the 
literature  in  which  it  has  been  demonstrated  that  a  strain  of  B.  enteri- 
tidis  pathogenic  for  an  animal  can,  in  a  particularly  predisposed  human 
subject,  cause  the  typical  symptoms  of  meat  poisoning.  Such  suscepti- 
bility of  the  individual  doubtless  plays  an  important  role  under  prac- 
tical epidemiologic  conditions  of  meat  poisoning  in  transforming  the 
strain  of  paracolon  bacilli  pathogenic  for  animals  into  one  pathogenic 
for  man,  for  as  a  rule  the  strains  of  B.  enteritidis  isolated  from 
calves,  guinea-pigs,  and  dogs  are  of  low  virulence  and,  according  to  a 
few  scattered  observations,  do  not  possess  the  high  pathogenicity  for 
man  characteristic  of  the  true  meat-poisoning  organisms. 

CONCLUSIONS 

This  paper  presents  clinical,  bacteriologic  and  serologic  observa- 
tions of  an  accidental  laboratory  infection.  A  young  man  who  appar- 
ently was  predisposed  to  the  infection  on  account  of  a  chronic  mucous 
colitis  developed  a  severe  gastro-interitis  10  hours  after  having  handled 
a  bottle  of  sterilized  milk  which  was  artificially  contaminated  with  a 
culture  of  B.  enteritidis  (Gartner).  The  strain  responsible  for  the 
infection  had  been  isolated  from  the  heart  blood  of  a  calf  which  had 
succumbed  to  infectious  diarrhea.  Evidence  is  presented  to  show  that 
a  recently  isolated  strain  of  B.  enteritidis  pathogenic  for  animals  may 
differ  from  a  strain  pathogenic  for  man  in  its  inability  to  be  co-agglu- 
tinated by  paratyphoid  or  suipestifer  sera. 
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ON  THE   REACTION   OF  THE  CEREBROSPINAL   FLUID* 
S.     H.     HURWITZ,     M.D.,     and     C.     L.     TRANTER,     M.D. 

SAN     FRANCISCO 

In  ils  mode  of  origin  and  in  its  pathways  of  absorption,  as  well  as 
in  its  physical  and  chemical  properties,  the  cerebrospinal  fluid  is  unique 
among  the  body  fluids.  Two  facts  derived  from  clinical  and  experi- 
mental observations  have  been  established  within  recent  years  with  a 
fair  degree  of  conclusiveness,  namely,  the  dual  origin  of  the  cerebro- 
spinal fluid  and  its  return  to  the  general  circulation  chiefly  by  a  process 
of  filtration  through  the  arachnoid  villi  into  the  great  sinuses.^-  ^  Unlike 
the  circulating  lymph,  which  is  derived  from  the  blood  by  a  process  of 
filtration,  diffusion  and  osmosis,  the  cerebrospinal  fluid  is  the  secretory 
product  of  the  ependymal  cells  which  cover  the  choroid  plexuses, 
although  it  must  be  admitted  that  certain  fundamental  anatomic  and 
physiologic  aspects  of  this  problem  are  still  unsolved. 

Another  interesting  observation  which  has  been  brought  forth  by 
a  number  of  workers  is  that  these  plexuses  constitute  a  remarkably 
effective  barrier  against  the  entry  into  the  cerebrospinal  fluid  of  sub- 
stances present  in  the  circulating  blood.  This  observation  may  indeed 
explain,  in  part  at  least,  the  unique  physical  and  chemical  properties  of 
the  fluid,  for  in  these  respects  also  it  is  unlike  any  other  fluid  in  the 
body,  being  approached  in  its  composition  most  nearly  by  the  sweat, 
tears,  and  aqueous  humor  of  the  eye.  From  the  circulating  lymph  nor- 
mal cerebrospinal  fluid  dift'ers  in  several  striking  particulars :  it  is  of 
lower  specific  gravity,  contains  a  small  content  of  salt,  only  minute 
traces  of  protein,  and  no  fibrinogen. 

Concerning  the  reaction  of  the  cerebrospinal  fluid,  little  more 
definite  is  known  beyond  the  general  statement  of  most  authors  that 
it  is  alkaline.  As  to  the  degree  of  this  alkalinity  in  comparison  to  the 
other  body  fluids  and  more  especially  to  the  blood  little  is  known. 
According  to  Cavazzani — and  most  authors  quote  him — the  alkalinity 
of  the  fluid  is  only  half  as  great  as  that  of  the  blood. ^' ^  Mott  has 
attempted  to  express  the  degrees  of  reaction  in  terms  of  percentages  of 


*  From  the  George  Williams  Hooper  Foundation  for  Medical  Research,  and 
the  Neurologic  Clinic,  the  University  of  California  Medical  School,  San 
Francisco. 
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sodium  hydroxid.  Calculated  in  this  way,  the  reaction  has  been  found 
by  him  to  vary  only  slightly  in  different  animals,  and  in  man  in  different 
pathologic  conditions.  On  an  average  it  corresponds  to  0.1  per  cent, 
sodium  hydroxid. 

That  such  titrimetric  determinations  of  reaction  lack  accuracy  has 
been  repeatedly  emphasized  in  recent  literature.*'  ^  The  more  extensive 
knowledge  gained  from  modern  physicochemical  studies  has  shown  that 
the  titrimetric  method  in  its  present  form  is  inaccurate,  and  that  an 
exact  knowledge  of  the  reaction  of  a  solution  can  be  gained  only  from 
a  determination  of  its  hydrogen  ion  concentration. 

Although  extensive  studies  have  been  made  of  the  hydrogen  ion 
concentration  of  most  biologic  fluids,  electrometrically  or  by  the  color- 
imetric  method,  we  were  surprised  to  find  almost  no  mention  in  the 
literature  of  similar  determinations  on  the  cerebrospinal  fluid.  Neither 
Sorensen^  nor  Michaelis"  in  their  exhaustive  treatises  on  this  subject 
make  any  reference  to  such  studies. 

So  far  as  we  are  aware,  Polanyi,  quoted  by  Bisgaard,^  was  the  first 
to  determine  the  hydrogen  ion  concentration  of  the  spinal  fluid.  He 
found  the  value  for  pH  to  be  10.04  (9.08X10").  Bisgaard,  however, 
who  carried  out  similar  determinations  both  by  the  gas-chain  electro- 
metric  method,  as  well  as  colorimetrically,  gives  the  value  as  8.10, 
although  fluids  obtained  post  mortem  were  found  by  him  to  be  more 
alkaline  (pH=S.46  to  9.25).  This  worker  found  also  that  the  results 
obtained  by  the  Hasselbach  apparatus  corresponded  well  with  those 
obtained  colorimetrically  with  phenolphthalein  as  indicator. 

In  view  of  the  meagerness  of  data  on  this  point,  it  seemed  worth 
while  to  determine  the  hydrogen  ion  concentration  of  normal  cerebro- 
spinal fluid,  as  well  as  of  fluid  obtained  from  patients  suffering  from 
several  types  of  disease.  In  the  present  paper  we  wish  to  report  the 
results  of  such  determinations  made  by  the  colorimetric  method  upon 
forly-seven  fluids. 

METHOD 

Sources  of  Error. — In  a  recent  communication"  we  presented  in 
some  detail  the  principles  and  the  extent  of  applicability  of  the  colori- 
metric method  for  determining  the  hvdrogen  ion  concentration  of  bio- 


4.  Clark,  W.  M.:    Tour.  Infect.  Dis..  1915.  xvii.  109. 

5.  Hurwitz,  S.  H. ;  Meyer,  K.  F.,  and  Ostenberg,  Z. :   Bull.  Johns  Hopkins 
Hosp.,  1916.  xxvii,  16. 

6.  Sorensen,  S.  P.  L. ;  Ergeb.  d.  Physiol.,  1912.  xii.  393. 

7.  Michaelis,    Leonor :     Die    Wasserstoffionenkonzentration,    Berlin,    Julius 
Springer,  1914. 

8.  Bisgaard.  A.:  Biochem.  Ztschr..  1913-1914,  Iviii,  1. 


logic  fluids,  but  only  liiicf  reference  was  then  made  to  the  sources  of 
error  of  the  method.  These  in  the  main  are  three  in  number/  and  a 
critical  analysis  of  them  will  show  that  they  do  not  materially  alter  the 
accuracy  of  the  method  in  its  application  to  cerebrospinal  fluid. 

1.  The  Effect  of  Coloring  Matter  in  Biologic  Fluids:  One  of  the 
greatest  obstacles  met  with  in  the  use  of  colorimetry  in  the  determina- 
tion of  the  ionization  of  biologic  fluids  is  the  turbidity  and  the  pigment 
present  in  the  majority  of  such  fluids.  In  the  case  of  blood  this  diffi- 
culty was  unsurmountable  until  Levy,  Rowntree  and  Marriott^"  sug- 
gested the  method  of  determining  the  ionization  of  the  dialysate 
obtained  by  dialyzing  blood  through  collodion  membranes  for  a  given 
time  interval.  It  is  obvious  that  this  difficulty  does  not  arise  in  the  case 
of  cerebrospinal  fluid,  which,  in  health  and  when  carefully  obtained 
without  contamination  with  blood,  is  usually  a  colorless,  limpid  fluid. 
Should  any  turbidity  exist  due  to  the  presence  of  inflammatory  prod- 
ucts, the  fluid  can  still  be  read  directly  by  use  of  the  comparator  method 
described  in  a  previous  paper. 

2.  Influence  of  Neutral  Salts:  Those  who  have  used  this  method 
are  agreed  that  the  presence  of  neutral  salts  in  sufficient  concentration 
greatly  influences  the  point  at  which  a  given  indicator  changes  color. 
In  this  respect  various  indicators  show  different  degrees  of  sensitive- 
ness. In  most  instances  the  neutral  salt  concentration  must  be  two  to 
three  times  that  of  blood  in  order  to  render  the  use  of  indicators  for 
these  determinations  subject  to  gross  error.'^  From  the  available 
analyses  of  the  blood  and  the  cerebrospinal  fluid  it  would  appear,  how- 


9.  A  source  of  error  which  should  be  mentioned,  but  which  is  not  peculiar 
to  any  one  method,  is  that  which  may  result  from  the  loss  of  carbon  dioxid  in 
determinations  of  hydrogen  ion  concentration  on  carbon-dioxid-containing  fluids, 
such  as  blood  and  cerebrospinal  fluid.  The  possibility  of  this  error  has  been 
precluded  in  electrometric  measurements  by  the  use  of  a  special  electrode,  the 
Hasselbach  electrode,  for  the  purpose  of  keeping  the  carbon  dioxid  tension 
at  a  constant  level  during  the  measurements.  In  the  use  of  the  colorimetric 
method  this  difficulty  cannot  be  met  with  entire  satisfaction,  and  the  values  for 
pH  obtained  do  not  in  a  strict  sense  have  the  absolute  accuracy  possessed  by 
readings  made  with  the  hydrogen  electrode.  But  it  would  appear  from  Mott's 
work"  that  tlie  carbon  dioxid  in  cerebrospinal  fluid  is  in  more  stable  combination 
than  in  blood,  and  for  this  reason  this  medium  is  more  suited  to  colorimetric 
readings  than  is  the  blood.  In  every  case  it  is  important  to  make  the  determina- 
tions on  perfectly  fresh  specimens  and  with  a  similar  technic  in  order  to  give 
the  results  comparative  value. 
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ever,  that  the  inorganic  salts  exist  in  the  two  fluids  in  about  equal  con- 
centration.^- 

3.  Influence  of  Proteins  and  their  Split  Products:  Because  of  their 
colloidal  properties  and  their  amphoteric  character,  proteins  or  their 
split  products  greatly  modify  the  point  at  which  certain  indicators 
change  color,  and  this  quite  independently  of  the  hydrogen  ion  concen- 
tration. Their  presence,  therefore,  constitutes  a  source  of  error  which 
at  times  is  sufficiently  great  to  render  the  colorimetric  method  inappli- 
cable to  solutions  containing  protein  in  high  concentration.  From  what 
has  already  been  said  concerning  the  extremely  low  protein  content  of 
normal  cerebrospinal  fluid,  it  is  apparent  that  this  source  of  error  doe=i 
not  apply  to  it.  According  to  Mott  and  others,  normal  cerebrospinal 
fluid  contains  only  0.03  per  cent,  of  protein,  and  in  pathologic  cases  it 
seldom  exceeds  0.25  per  cent.'' 

From  the  above  considerations  it  is  clear  that  because  of  the  unique 
chemical  composition  of  the  cerebrospinal  fluid  colorimetric  determina- 
tions of  its  ionization  are  not  subject  to  the  same  sources  of  error 
which  would  arise  in  the  case  of  other  biologic  fluids. 

Technic. — The  principles  of  the  colorimetric  method,  the  prepara- 
tion of  the  standard  comparison  ttibes  and  the  manner  of  expressing  the 
results  are  recorded  in  recent  communications.''- "  In  this  paper  it  is 
necessary  only  to  give  the  several  steps  in  the  procedure. 

Spinal  fluid  is  obtained  by  lumbar  puncture  in  the  usual  way,  and 
is  received  into  thoroughly  clean  and  dry  Jena  glass  test  tubes. '^ 
Because  of  the  clear,  watery  nature  of  the  fluid  and  its  low  protein 
content,  it  is  possible  to  make  the  determinations  of  the  hydrogen  ion 
concentration  either  directly  or  indirectly  by  testing  the  dialysate  as 
recommended  for  blood  by  Levy,  Rowntree,  and  Marriott. 

For  a  direct  reading  3  c.c.  of  spinal  fluid  are  delivered  into  a  small 
clean  and  dry  test  tube  10  by  100  mm.,  and  0.3  c.c.  of  a  0.01  per  cent, 
solution  of  phenolsulphonephthalein  is  added.  After  inverting  the  test 
tube  several  times  in  order  to  distribute  the  color  evenly,  comparisons 
are  made  between  the  color  obtained  and  those  of  a  series  of  standard 


12.  Gautier  and  Zdarek  (quoted  by  C.  E.  Simon,  Clinical  Diagnosis.  Ed.  8, 
Philadelphia,  Lea  &  Febiger,  1914,  p.  501)  give  the  concentration  of  chlorids, 
phosphates  and  sulphates  in  cerebrospinal  fluid  as  6.44  per  mille ;  while  Hammar- 
stern,  O.  (A  Te.xt  Book  of  Physiological  Chemistry,  Ed.  8.  New  York.  John 
Wiley  &  Sons,  1909,  p.  239)  states  that  the  blood  as  a  whole  contains  in  ordinary 
cases  from  770  to  820  per  mille  water,  with  from  180  to  230  per  mille  solids,  of 
which  from  6  to  10  per  mille  are  inorganic  and  the  remainder  organic  solids. 

13.  We  have  found  that  some  of  the  thick-walled  test  tubes,  even  when  thor- 
oughly clean,  deliver  up  alkali  in  sufficient  amount  to  render  distilled  water 
placed  in  them  alkaline  to  phenolsulphonephthalein.  This  source  of  error  must 
of  course  be  obviated. 
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solutions  consisting  of  phosphate  mixtures  prepared  according  to  the 
directions  of  Sorensen.'*  The  color  in  the  standard  series  which  most 
closely  matches  that  of  the  solution  tested  gives  the  hydrogen  ion  con- 
centration of  the  test  fluid. 

If  it  be  desired  to  test  the  dialysate  in  order  to  compare  its  hydrogen 
ion  concentration  with  the  dialysate  of  the  blood  of  the  same  patient. 
1  to  2  c.c.  of  cerebrospinal  fluid  are  placed  into  a  collodion  sac,  which 
is  then  lowered  into  a  small  test  tube  containing  3  c.c.  of  physiologic 
salt  solution,  until  the  fluid  on  the  outside  of  the  sac  is  as  high  as  that 
on  the  inside.  Dialysis  is  allowed  to  continue  for  five  minutes.  The 
collodion  sac  is  then  removed,  and  0.3  c.c.  of  the  indicator  solution  is 
added  to  the  dialysate.  Color  comparisons  with  the  standard  scale  are 
now  made  as  detailed  above.  For  comparative  purposes  the  same  quan- 
tity of  the  same  patient's  blood  is  tested  in  a  similar  manner. 

RESULTS 

The  Reaction  of  Normal  Cerebrospinal  Fluid. — In  Table  1  have 
been  grouped  nineteen  normal  patients  in  whom  the  reaction  of  the 
cerebrospinal  fluid  was  determined.  These  patients,  as  will  appear, 
represent  a  large  variety  of  clinical  conditions,  and  in  a  strict  sense 
cannot  be  classed  as  normal.  But  so  far  as  the  cytologic,  chemical  and 
serum  tests  indicate,  no  abnormality  existed  in  the  central  nervous 
system,  and  on  this  ground  it  is  justifiable  to  place  them  in  the  normal 
group. 

It  will  be  noted  that  in  the  nineteen  determinations  made  upon  the 
fluid  directly  the  average  value  of  the  hydrogen  ion  exponent  (pH) 
was  8.26,  with  a  minimum  value  of  8.15  and  a  maximum  value  of  8.3; 
whereas  the  average  of  the  same  number  of  readings  made  on  the 
dialysate  was  slightly  lower,  pH  being  equal  to  8.11.  Of  interest  also 
is  the  fact  that  the  two  lowest  readings  were  obtained  in  cases  of 
cerebral  injury,  treated  by  decompression  and  the  withdrawal  by  punc- 
ture of  considerable  amounts  of  fluid.  It  is  not  unlikely  that  the  dimin- 
ished alkalinity  in  these  instances  may  have  been  due  to  dilution  of  the 
fluid  by  hypersecretion. 

As  compared  with  the  hydrogen  ion  concentration  of  the  dialysate 
of  the  cerebrospinal  fluid,  that  of  the  blood  obtained  from  the  same 
patient  was  found  to  be  much  higher.  In  the  six  instances  in  the  nor- 
mal group  in  which  the  blood  was  also  tested  an  average  value  for 
pH  of  7.66  was  obtained.  Thus  the  hydrogen  ion  concentration  of  the 
blood  in  these  cases  was  greater  than  that  of  the  spinal  fluid  by  the 
value  of  0.45. 


14.  The  standard  test  solutions  were  prepared  for  us  by  Hynson,  Westcott  and 
Company,  Baltimore. 


In  connection  with  the  reaction  of  tlie  cerebrospinal  fluid  in  heaUh, 
there  are  several  interesting  physiologic  problems  which  still  await 
solution.  One  of  these  concerns  the  relationship  between  the  normal 
functional  activity  of  the  nervous  centers  and  the  reaction  of  the  fluid. 
Mott-  proposes  the  view  that  after  normal  sleep  the  alkalinity  may  be 
slightly  greater  than  at  the  end  of  a  day's  work,  because  of  the  pro- 
duction of  acid  substances  resulting  from  nerve  cell  activity. 


TABLE  2. — A   Comp.xrison  of  the  Hydrogen   Ion   Concentration  of   Blood 
AND    Cerebrospinal    Fluid 


So.  of  Case 

Reaction  of 

Cerebrospinal  Fluid 

Value  of  pH 

Reaction  of  Cerebro- 
spinal Fluid  Dialysate, 
Value  of  pH 

Reaction  of 

Blood  Dialysate. 

Value  of  pH 

t( 

S.25 

8.? 

7.7 

11) 

8.3 

8.1 

7.(1 

u 

8.3 

8.15 

7.75 

M 

8.25 

fc.O 

7.(i5 

14 

8.25 

8.05 

7.65 

W 

82 

8.0 

7.65 

23 

8.3 

8.15 

7.75 

n 

8.3 

8.15 

7.6 

25 

7.95 

7.9 

7.B5 

27 

8.35 

S.15 

7.7 

28 

83 

S.l 

7.B5 

29 

8.3 

S.l 

7.63 

32 

8.3 

8.15 

7.5 

M 

8.2 

6.1 

7.7 

42 

8.15 

8.15 

7.75 

43 

7.95 

7.75 

7-65 

■6 

S.4 

8.15 

7-75 

17 

8.3 

7.95 

7.60 

-Average 

8.07 

7.66 

Another  problem  of  interest  concerns  the  reaction  of  the  cerebro- 
spinal fluid  in  different  loci.  From  the  work  of  a  number  of  observers 
it  is  now  known  that  ventricular  and  subarachnoid  fluids  may  diflfer  in 
some  important  respects.  It  has  been  shown,  for  instance,  that  there 
is  a  slightly  higher  percentage  of  sugar  in  ventricular  than  in  sub- 
arachnoid fluid,  whereas  the  reverse  is  true  of  the  albumin  content ; 
furthermore,  that  ventricular  fluid  may  be  richer  in  waste  substances 
which  may  have  been  added  to  it  during  its  passage  through  the  sub- 
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arachnoid  ])crivascular  and  perineiironal  spaces."  The  possibility 
may  therefore  be  entertained  that  the  two  fluids,  which  differ  in  these 
marked  particulars,  may  also  show  measurable  differences  in  reaction. 

The  Reaction  of  Cerebrospinal  Fluid  and  of  Blood  Compared. — 
In  a  previous  paragraph  it  was  pointed  out  that  blood  and  spinal  fluid 
obtained  from  the  same  patient  at  the  same  time  may  show  a  consider- 
able difference  in  the  hydrogen  ion  concentration  as  determined  by  the 
colorimetric  method.  In  Table  2  are  given  eighteen  instances  in  which 
such  comparative  data  were  obtained.  The  average  value  of  the  hydro- 
gen ion  concentration  tested  upon  the  dialysate  of  the  spinal  fluid  was 
8.07  as  compared  with  7.66  obtained  in  the  case  of  the  blood  dialysate. 
Thus  the  ionization  of  blood  tested  in  this  way  is  greater  than  that  of 
cerebrospinal  fluid  by  the  \alue  of  0.41.  It  must  be  emphasized,  how- 
ever, that  the  need  of  resorting  to  dialysis  doubtless  introduces  a  source 
of  error  in  the  data  given,  for  the  reason  that  the  two  fluids  dialyzed 
— blood  and  cerebrospinal  fluid — are  not  chemically  equivalent,  the  for- 
mer containing  a  higher  percentage  of  protein  and  colloids,  both  of 
which  are  known  to  influence  the  dispersion  of  electrolytes  through 
porous  membranes.^"  These  considerations,  however,  do  not  affect  the 
observation  that  the  hydrogen  ion  concentration  of  the  spinal  fluid 
tested  directly  is  lower  than  that  of  the  blood. ^' 

The  Reaction  of  the  Cerebrospinal  Fluid  in  Disease. — In  this  paper 
the  observations  have  been  limited  to  those  diseases  in  which  lumbar 
puncture  is  ordinarily  done  as  a  routine  measure  either  for  diagnosis 
or  treatment.  Tables  3  and  4  include  twenty-eight  cases  of  syphilitic 
disease  and  of  syphilitic  aft'ections  of  the  nervous  system  in  which  the 
reaction  of  the  spinal  fluid  was  determined.  The  diagnosis  in  all  of 
these  patients  was  confirmed  either  by  cytologic  and  chemical  tests 
or  by  the  routine  Wassermann  reaction  of  the  blood  and  spinal  fluid. 

From  an  examination  of  Table  3  it  will  be  noted  that  the  average 
hydrogen  ion  concentration  (pH)  of  the  spinal  fluid  in  primary  and 
secondary  cases  of  syphilis  is  equal  to  8.26,  while  determinations  of  the 
dialysate  give  somewhat  lower  readings  (pH^=8.14).  Similar  read- 
ings made  upon  the  dialysate  of  the  blood  in  seven  of  these  patients 
gave  an  average  value  of  pH  equal  to  7.64,  which  is  0.5  lower  than 
that  obtained  for  the  dialysate  of  the  spinal  fluid.  By  comparing  these 
figures  with  those  recorded  in  Table  1,  it  will  be  observed  that  these 
values  do  not  differ  widely  from  those  obtained  for  normal  fluids.   The 

15.  Gushing,  H. :  Jour.  Med.  Research,  1914,  xxxi.  12,  13,  15. 

16.  Ostwald,  W. :  A  Handbook  of  Colloid  Chemistry,  Philadelphia,  P. 
Blakiston's  Sons,  1915,  p.  219. 

17.  The  hydrogen  ion  concentration  of  the  blood  determined  by  the  hydrogen 
electrode  averages  0.3  X  10"',  or  pH  =  7.5.  The  value  for  pH*  obtained  by  the 
colorimetric  method  is  7.66. 
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results  show,  further,  that  in  both  groups  the  hydrogen  ion  concentra- 
tion of  the  blood  oljtained  from  the  same  patient  at  the  same  time  and 
similarly  tested  is  in  each  instance  greater  than  that  of  the  spinal  fluid, 
the  average  value  for  pH  in  the  syphilitic  cases  being  almost  identical 
with  that  obtained  in  the  normal  cases. 

Nor  was  any  marked  alteration  of  the  normal  reaction  observed 
in  the  spinal  fluid  obtained  from  patients  with  syphilitic  affections  of 
the  central  nervous  system,  such  as  tabes,  general  paresis  and  cerebro- 
spinal syphilis.  The  average  values  for  pH  in  this  group,  as  recorded 
in  Table  4,  are  slightly  lower  than  the  normal,  but  the  differences  are 
too  small  to  be  of  real  significance.  A  study  of  the  reaction  of  the  fluid 
in  these  cases  brings  up  an  interesting  point,  namely,  the  relationship 
between  inflammatory  conditions  of  the  meninges  and  the  reaction  of 
the  cerebrospinal  fluid.  Some  authors'^'  "  entertain  the  view  that  in 
the  presence  of  infection  acid  products  are  formed  which  render  the 
cerebrospinal  fluid  acid.  From  the  presence  of  a  high  cell  count,  that 
is,  an  average  thirty-five  cells  with  a  maximum  of  110  cells,  in  the 
spinal  fluid  of  most  of  these  patients,  one  may  assume  a  chronic  inflam- 
matory condition  to  have  existed ;  and  yet  no  alteration  in  reaction  was 
demonstrable.  This,  however,  does  not  preclude  the  possibility  that 
acute  inflammatory  conditions  may  be  associated  with  a  more  acid 
reaction,  that  is,  with  an  increase  in  the  hydrogen  ion  concentration. 
So  far  as  we  are  aware  no  positive  proof  has  been  brought  forth  to 
show  that  acid  substances  may  form  in  acute  inflammatory  conditions 
of  the  meninges,  and  that  these  may  produce  an  acidulation  of  the 
cerebrospinal  fluid. 

The  possibility  that  the  reaction  of  the  fluid  may  be  rendered  more 
acid  in  cases  of  infection  suggests  a  therapeutic  problem  of  considerable 
importance.  As  has  been  shown  by  Crowe^^  hexainethylamin  is  one  of 
the  few  antiseptic  drugs  which  can  traverse  the  barrier  of  the  choroid 
plexuses  and  pass  from  the  blood  stream  into  the  cerebrospinal  fluid. 
But  in  order  to  be  eft'ective  in  antagonizing  infection,  hexamethylen- 
amin  must,  according  to  more  recent  studies,-"  be  broken  up  into  formal- 
dehyde. This  chemical  change  can  occur  only  in  an  acid  medium. 
Unless,  therefore,  it  can  be  demonstrated  that  the  spinal  fluid  becomes 
acidulated  in  the  presence  of  infecting  organisms  and  that  hexamethyl- 
enamin  is  actually  broken  up  into  formaldehyde,  considerable  doubt 
must  be  entertained  concerning  the  bactericidal  power  of  this  drug  in 
combating  infections  of  the  meninges. 


18.  Wingrave,  W.:  Jour.  Laryngol.,  Rhinol.  and  Otol.,  1915.  xxx,  270. 

19.  Crowe,  S.  J. :  Bull.  Johns  Hopkins  Hosp.,  1909,  xx,  102. 

20.  Burnam,  C.  F. :   The  Archives  Int.  Med.,  1912.  x,  324.    Hinman.  F. :  Jour. 
Am.  Med,  Assn.,  1913,  Ixi,  1601. 
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SUMMARY 


The  colorimetric  niclhod  of  determining  the  hydrogen  ion  concen- 
tration of  the  cerebrospinal  fluid  gives  constant  and  reliable  results. 
For  the  reasons  given,  the  method,  when  applied  to  cerebrospinal  fluid, 
possesses  greater  accuracy  than  in  the  case  of  other  biologic  fluids, 
notably  blood.  The  simplicity  of  the  technic  makes  it  applicable  as  .i 
routine  procedure  in  the  examination  of  spinal  fluids. 

As  determined  colorimetrically,  normal  cerebrospinal  fluid  is  more 
alkaline  than  blood,  the  dift'erence  in  the  hydrogen  ion  concentration  of 
the  dialysates  of  the  two  fluids  being  equal  to  0.45,  the  value  of  pH 
for  cerebrospinal  fluid  being  8.11;  value  of  pH  for  blood,  7.66.  No 
alteration  from  the  normal  reaction  has  been  noted  either  in  the  bloo<l 
or  in  the  fluid  of  patients  suffering  from  primary  or  secondary  syphilis 
or  from  syphilitic  alTections  of  the  nervous  system.  Thus  far  no  study 
has  been  made  of  the  reaction  of  the  cerebrospinal  fluid  in  acute  inflam- 
matory conditions  of  the  meninges.  The  demonstration  that  a  change 
in  reaction  does  or  does  not  occur  would  have  an  important  bearing 
upon  the  value  of  hexamethylenamin  as  a  therapeutic  agent  in  the 
prophylaxis  and  treatment  of  meningeal  infections. 
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THE  HEXONE  BASES  OF  MALIGNANT  TUMORS. 
By   R.   a.    KOCIIER. 

(From  the  George  Williams  Hooper  Foundation  for  Medical  Research,  JJnit- 
f  versity  of  California,  Sa7i  Francis^co.) 

(Received  for  publication,  July  6,  1915.) 

Interest  in  the  hexonc  bases  of  malignant  tumors  has  been 
stimulated  by  the  recent  work  of  Osborne  and  Mendel'  who 
fovmd  a  physiological  relationship  between  certain  members  of 
this  group  and  normal  growth.  In  prolonged  experiments  with 
white  rats  these  investigators  showed  that,  if  lysine  was  omitted 
from  the  diet  of  a  growing  animal,  growth  halted.  If  lysine  was 
added  to  the  diet,  the  annuals  began  to  grow  again.  On  the 
other  hand,  in  the  case  of  fully  grown  animals  lysine  could  be 
omitted  from  the  diet  without  disturlnng  the  nutritive  balance. 
Thus  they  distinguished  in  the  diet  the  factor  of  growth  from  that 
of  maintenance.  Lysine  is  purely  a  growth-factor.  Experiments 
with  arginine  indicated  that  it  had  a  similar  function  but  as  yet 
this  has  not  been  established  experimentally. 

No  satisfactory  explanation  for  the  dependence  of  growth  upon 
either  of  these  amino-acids  has  been  advanced.  It  seems  obvi- 
ous, however,  that  the  body  cannot  synthesize  these  substances 
and  must  depend  upon  outside  sources  for  them.  Furthermore, 
there  is  a  difference  between  a  growing  tissue  and  a  fully  developed 
one  in  its  requirement  for  a  given  amino-acid,  for  the  adult  tissue 
contains  some  of  this  amino-acid;  and  the  difference  in  requirement 
would  seem  to  be  quantitative. 

It  is  also  instructive  that  certain  types  of  germinating  tissue 
are  rich  in  hexone  bases.  Spermatozoa  are  made  up  largely  of  a 
protamine  or  a  histone,  combined  with  luicleic  acid.  On  analysis 
protamine  jields  large  amounts  of  diainino-acids,  particularly 
arginine  which  may  constitute  as  much  as  80  per  cent  of  the 

1  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Jour.  Biol.  Chem.,  1912,  xii,  473; 
1912-13,  xiii,  233;  1914,  xvii,  325. 
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protein  molecule.  In  germinating  seeds,  also,  arginine  and  ly- 
sine occur  in  abundance,  and  even  free.  These  facts  have  led  me 
to  examine  the  quantitative  relationship  l)et\veen  the.se  aniino- 
acids  in  rapidly  growing  tissue,  namely,  human  malignant  tumors. 
Of  pertinent  interest  is  the  work  of  Miss  Slye''  who  showed  in  the 
case  of  a  mouse  tumor  that  heredity  is  an  important  factor.  In 
other  words  the  problem  of  cancer  she  believes  is  a  problem  of 
growth  rather  than  of  infection. 

Chemical  analyses  of  tumor  tissue  arc  recorded  but  they  arc 
more  or  less  inconii)lct('.  Up  to  the  present,  stiangc  to  say,  no 
one  has  made  a  quantitative  determination  of  the  hexone  bases 
in  tumors.  This  is  especially  remarkable  since  we  have  reliable 
quantitative  methods  for  estimating  these  amino-acids. 

Neuberg,'  using  the  ester  method  of  Emil  Fischer  in  estimating 
certain  mono-amino-acids,  concluded  that  these  were  present  in 
about  the  same  proportion  in  cancer  as  in  normal  tissue.  Bergell 
and  Dorpinghaus''  using  the  same  method  in  the  study  of  carci- 
noma and  sarcoma  considered  that  the  proportions  of  alanine, 
glutamic  acid,  aspart.ic  acid,  and  phenylalanine,  were  higher  than 
in  normal  tissues;  but  the  author  of  this  method  never  claimed 
that  it  gave  quantitative  results. 

Selecting  a  group  of  three  amino-acids,  i.e.,  glji^cocoll,  tyrosine, 
and  glutamic  acid,  Abderhalden^  concluded  that  the  percentage 
of  these  in  malignant  tumors  does  not  vary  from  normal.  Bergell" 
using  the  N-distribution  method  of  Hausmann,  determined  the 
total  N  of  hexone  bases  in  rat  tumors,  and  concluded  that  this 
was  much  increased.  However,  this  method  is  grossly  inaccu- 
rate and  conclusions  cannot  be  drawn  from  such  results. 

EXPERIMENTAL   DAT.\. 

Material  for  this  investigation  was  obtained  tlirough  the 
courtesy  of  Drs.  Rusk  and  Cooke  of  the  Pathological  Department 

2  Slye,  M.,  Jour.  Med.  Resenrch,  1915,  xxxii,  159. 

'  Neuberg,  C,  .irb.  a.  d.  Path.  Inst.  z.  Berlin,  1906,  59.3. 

■■  Bergell,  P.,  and  Dorpinghaus,  T.,  Deut.sch.  med.  Wchnsehr.,  1905,  xxxi, 
1426. 

*  Abderhalden,  E.,  and  Kautzsch,  K.,  ZUchr.J.  physiol.  Chem.,  1910, 
Ixvi,  69. 

'  Bergell,  P.,  Ztschr.f.  Krebsforseli.,  1907,  vi,  204. 
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of  tlie  Univoisify  of  ( 'nlifonii.i.  The  specimens  were  obtained 
from  four  lo  twolvc  lioiiis  after  (l(>atii.  Ininiodiatcly  tho  material 
Wilis  dissected  free  from  all  extraneous  tissue,  weighed,  examined, 
and  prepared  for  analysis.  The;  mass  was  ground  fine  through  a 
meat,  chojiper  and  treated  repeatedly  with  hot  water  to  remove 
n()ii-i)r()tein  nitrogen.  The  water  extract  was  concentrated  in 
vacuo  to  a  small  volume  and  the  protein  in  .solution  precipitated  by 
the  addition  of  several  volumes  of  alcohol.  This  precipitate  was 
added  to  the  main  hulk  of  jM'otein  which  had  been  thrown  down 
Ijy  heat.  The  uiiitetl  material  was  placed  on  the  water  bath, 
heated  to  dr.vncss,  ground  to  jjowder,  and  extracted  repeatedly, 
in  the  cold,  first  with  alcohol  and  later  with  ether.  Then  the 
dried  material  was  weighed  and  found  to  represent  from  16  to  18 
per  cent  of  the  original  weight.  These  values  are  shown  in 
Table  I.     The  dry  powder  was  used  for  anal3'sis. 

Five  cases  were  analyzed,  as  follows:  (1)  carcinoma  of  the  lar- 
ynx; (2)  metastatic  mass  in  the  liver  from  a  primary  carcinoma  of 
the  stomach;  (3)  Ij-mphosarcoma;  (4)  endothelioma;  and  (5) 
a  liver  metastasis  from  a  primary  carcinoma  of  the  ileum.  Notes 
bearing  on  the  histories  of  the  cases,  as  well  as  the  gross  anatomical 
and  microscopic  diagnoses,  are  given  below. 

TABLE  I. 


Xo. 

Diagnosis. 

Wciglit  of  fresh 
material. 

Woiglit  of  dry 
substance. 

Percentage  of  dry 
substance. 

tjm. 

gm. 

1 

Primary  carcinoma 

of  larynx 

126 

21.5 

17.0 

2 

Metastasis   to  liver 
from  primary  car- 

cinoma of  stomach 

1350 

230.5 

17.4 

3 

Lymphosarcoma  .... 

228 

38.0 

16.6 

4 

Endothelioma 

154 

28.0 

18.0 

5 

Liver        metastasis 
from  primary  car- 

cinoma of  ileum.. . 

408 

67.0 

16.4 

Case  1. — Carainoma  of  the  larynx.  Duration  of  sjTnptoms,  9  months. 
Anatomical  diagnosis;  Recurrent  carcinoma  of  the  larynx  with  metastases 
in  regional  lymph  nodes  and  invasion  of  the  pharynx,  palate,  and  esopha- 
gus.   The  growth  in  the  neck  on  section  was  pale,  showing  areas  of  necrosis 
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and  softening  alternating  with  grey  and  cellular  tissue.  The  regional  lymph 
nodes  showed  replacement  of  the  greater  part  of  their  substance  by  tumor 
tissue  having  a  tendency  to  early  central  degeneration  and  softening. 

Microscopic  examination:  Tumor  is  made  up  of  branching  strands  of 
atypical  cells  evidently  of  epithelial  origin.  There  are  no  typical  "pearls." 
Mitotic  figures  and  giant  cells  are  common.  Average  sections  consist  of 
about  three-fifths  well  preserved  tumor  cells  and  two-fifths  loose  edema- 
tous stroma  containing  various  wandering  cells. 

Case  2. — Primary  carcinoma  of  the  stomach,  with  metastasis  to  the 
liver.  Duration,  4  months.  Anatomical  diagnosis:  Metastases  were  found 
in  the  liver,  mcsenterj',  omentum,  diaphragm,  and  right  lung.  The  liver, 
weight,  3950  gm.,  was  almost  all  replaced  by  greyish  white  metastases 
which  varied  in  size  from  a  few  mm.  in  diameter  to  10  to  15  cm.  The  larger 
masses  showed  central  broken  down,  semi-liquid  material.  The  moderate 
sized  ones  showed  slight  necrosis.  The  smaller  ones  showed  no  gross  evi- 
dence of  degeneration. 

Microscopic  examination:  The  growth  consisted  of  a  typical  carci- 
noma simplex  with  only  a  slight  amount  of  necrosis  in  the  smaller  nodules. 
Mitotic  figures  are  found  but  are  not  especially  common.  Tumor  nodules 
consist  of  about  two-thirds  well  preserved  tumor  cells  and  one-third  stroma 
and  other  cells. 

Case  S. — Sarcoma  of  the  right  kidney.  Duration  of  sjTnptoms,  4  months. 
Anatomical  diagnosis:  Metastases  found  in  retro-peritoneal  and  medias- 
tinal lymph  nodes  and  liver.  Lobar  pneumonia,  acute  peritonitis.  Right 
kidney,  which  was  the  seat  of  the  tumor,  showed  in  the  upper  half  an  ex- 
tensive timior  growth.  On  the  surface  were  central  isolated  and  confluent 
opaque  grey  areas  which  are  surrounded  by  grey  and  rather  translucent 
tissue.  The  entire  upper  half  of  the  kidney  is  infiltrated  by  a  firm  grej' 
tumor  which  has  involved  the  cortex  more  or  less  completely  and  much  of 
the  medulla. 

On  section,  the  tumor  shows  a  pale  grey  translucent  tissue  with  numer- 
ous larger  and  smaller  opaque  greyish  yellow  necroses.  Retro-peritoneal 
lymph  nodes  are  enlarged  and  matted  together,  from  1  to  4  cm.  in  diameter. 
On  section  pale  grey  areas  of  necrosis  are  seen.  L>Tnph  nodes  along  the 
aorta  in  the  posterior  mediastinum  show  similar  metastases. 

Microscopic  examination:  There  are  irregular  areas  of  degeneration 
and  necrosis  around  which  are  seen  growing  tumor  cells.  These  cells  are 
somewhat  elongated  and  hexagonal,  and  have  a  considerable  amount  of 
pink-staining  protoplasm.  Cells  appear  singly  or  in  small  nests  and  are 
separated  by  fibrous  stroma.  They  are  invading  the  surrounding  tissue. 
Occasional  mitotic  figures  are  found.  The  picture  suggests  a  sarcoma 
rather  than  a  hypernephroma.  The  analysis  was  made  from  gland  metas- 
tases and  such  glands  show  about  two-thirds  of  the  section  to  be  well  pre- 
served large  plump  cells.  The  other  third  consists  of  Ij-mph  strands  and 
stroma. 

Case  if. — Endothelioma  of  the  kidney.  Anatomical  diagnosis:  Speci- 
men consists  of  kidney  about  four  times  the  normal  volume  removed  at 
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operation.  Superficially  it  is  for  the  most  part  irregularly  lobuiated  with 
low  projections  held  beneath  the  tense  capsule.  The  surface  is  pale  and 
smooth  e.xcept  at  one  pole  where  there  is  a  nodular  mass  covering  an  area 
about  3x5  cm.  as  if  the  tumor  was  projecting  through  the  capsule. 

These  nodules  vary  from  ochre  yellow  to  brown  with  spots  suggesting 
hemorrhage.  From  the  pelvis  a  nodular  cream-colored  mass  projects. 
On  section  of  the  mass  the  tumor  tissue  appears  as  a  uniform  soft  white 
somewhat  edematous  growth.  There  are  few  vessels  and  connective  tissue 
septa.  The  invaded  kidney  is  in  great  part  replaced  by  tumor  tissue  except 
a  pale  marginal  zone  of  cortex  in  which  it  is  almost  impossible  to  make  out 
the  markings. 

Microscopic  examination:  Shows  the  growth  to  be  composed  of  large 
cells  arranged  in  colunms  and  circular  masses  with  a  delicate  stroma  for 
the  most  part,  but  also  with  broad  tense  connective  tissue  bands  in  places. 
In  the  stroma  arc  thin-walled  capillaries.  The  tumor  cells  show  small 
rather  deeply  stained  nuclei,  a  large  vacuolated  inner  protoplasmic  zone, 
and  a  thin  line  of  cytoplasm  at  the  periphery.  Sections  stained  with 
Scharlach  R  show  the  presence  of  large  amounts  of  fat.  Tumor  sections 
show  approximately  four-fifths  well  jjreserved  tumor  cells.  The  rest  is 
made  up  of  stroma  and  other  cells. 

Case  5. — Primary  adeno-careinoma  of  the  ileum  with  metastasis  to  the 
liver.  Duration  of  symptoms,  3  weeks.  Anatomical  diagnosis;  Adeno- 
carcinoma of  the  ileum  with  perforation.  Metastatic  growths  in  the 
liver  along  the  bronchial,  mesentery,  and  retro-peritoneal  lymph  nodes. 
Primary  tumor  was  situated  in  the  lower  ileum.  Its  center  had  become 
necrotic  and  the  bowel  wall  had  perforated,  leading  to  general  peritonitis. 
The  liver  from  which  the  material  was  taken  weighed  3140  gm.  and  showed 
numerous  pearl-grey  metastatic  nodules  from  0.3  to  4  cm.  in  diameter. 
The  larger  nodules  showed  considerable  central  necrosis. 

Microscopic  examination :  The  picture  is  typical  of  a  very  rapidly  grow- 
ing undifferentiated  cancer.  The  glandular  arrangement  is  not  in  evi- 
dence in  the  metastatic  nodules.  Stroma  is  inconspicuous  and  the  tumor 
cells  make  up  about  nine-tenths  of  the  bulk  of  the  nodules  in  the  liver. 
The  amount  of  hyaline  necrosis  in  the  tumor  nodules  cannot  be  estimated 
but  the  nuclear  shadows  can  still  be  made  out  and  there  is  little  evidence 
of  autolysis. 

Determinatiun  of  the  Hexone  Bases. 

T\\r  method  of  Kosscl  and  Kiitsclici-'  for  tlu^  determination  or 
tlie  hexone  bases  lias  been  modif'ed  by  Ostjorne.  Leavenworth. 

'  Kossel,  A.,  and  Kutsclier,  F.,  Ztsrhr.  f.  physiol.  Chem.,  1!K!0-01,  xxxi, 
16.5.     Kossel,  A.,  and  Pringle,  H.,  (7m/.,  190(i,  xlix,  318. 
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and  Brautlccht,^  also  by  Steudel,^  and  by  Van  Slyke.'"  In  this 
work  all  these  modifications  were  employed  and  the  method  fol- 
lowed was  essentially  that  used  by  \'an  81yke  in  his  analysis  of 
casein.  The  material  was  hydrolyzed  with  ten  volumes  of  20 
per  cent  hj-drochloric  acid  for  a  period  of  thirty-two  to  thirty- 
eight  hours.  The  progress  of  the  hydrolysis  was  followed  until 
complete  by  determinations  of  the  amino  nitrogen  with  the  ^'an 
Slyke  apparatus.  Lysine  was  isolated  as  the  picrate,  weighed, 
and  its  purity  controlled  by  analysis  of  the  amino  nitrogen. 
Arginine  and  histidine  were  isolated  as  picrolonates  according  to 
the  method  of  Steudel,  and  purity  was  controlled  by  melting  point 
and  analysis  of  the  nitrogen.  In  all  cases  tlie  values  for  the  bases 
were  calculated  from  the  salts  and  not  from  the  determination  of 
the  nitrogen  in  solution.  The  analj'tical  data  are  given  in  Table 
II. 

The  results  shown  in  the  table  indicate  that  in  the  malignant 
tumors  studied  the  amount  of  hexone  bases  was  fairly  uniform. 
The  arginine  N  expressed  in  per  cent  of  the  total  nitrogen  was 
between  11.63  and  13.65,  an  average  of  12.42  per  cent.  The 
highest  figures  found,  12.8  and  13.65,  were  in  Cases  2  and  5. 
These  were  liver  metastases  and  consisted  almost  exclusively  of 
carcinoma  cells.  In  the  other  cases  beside  the  tumor  cells  more  or 
less  connective  tissue  stroma  was  present.  In  Cases  3  and  4 
approximately  a  third  to  a  fifth  of  the  tumor  mass  consisted  of 
connective  tissue. 

The  histidine  N  represents  3.88  to  5.58  per  cent  or  an  average 
of  4.86  per  cent  of  the  total  N.  The  lysine  X  represents  9.89  to 
12.65  per  cent,  an  average  of  11.23  per  cent  of  the  total  N.  It  is 
noteworthy  that  if  one  of  the  members  of  this  group  is  increased, 
the  other  two  also  are  relatively  more  abundant.  Perhaps  these 
three  substances  are  bound  in  some  way  as  a  unit  in  the  protein 
molecule.     The  work  of  Wakeman"  also  favors  this  view. 

The  interpretation  of  the  results  of  these  analyses  is  facilitated 
b}'  reference  to  similar  analyses   of   normal   tissues.      Unfortu- 

'  Osborne,  T.  B.,  Leavenworth,  C.  S.,  and  Brautlecht,  C.  A.,  .4m.  Jour. 
Physiol.,  1908-09,  xxiii,  183. 

»  Steudel,  H.,  Zl>!chr.  f.  physiol.  Chcm.,  1902-03,  xxxvii,  219;  1905,  xliv, 
157. 

'»  Van  Slyke,  D.  D.,  Jour.  Biol.  Cliem.,  1913-14,  xvi,  535. 
"  Wakeman,  A.  J.,  ibid.,  1908,  iv,  119. 
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nately,  however,  few  arc  at  hand.  A  series  of  analyses  of  various 
organs  including  those  of  man  was  made  by  Wakeman  who 
employed  essentially  the  methods  I  have  used.  He  found  that 
the  percentages  of  the  hexone  bases  for  a  given  tissue  vary 
but  shghtly  in  different  animals  and  not  greatly  in  different  organs 
of  the  same  animal.  For  comparison  with  my  results  I  reproduce 
in  Table  III  the  figures  obtained  by  Wakeman. 

In  Table  IV  are  given  the  percentages  of  the  hexone  bases  in 
a  few  isolated  proteins. 

TABLE  III. 


Animal. 


*Adult  man. 
*Adult  man. 

*Dog 

*Horse 

*DoK 

**Dog 


•Ox. 


Org;in. 


Normal  liver 
Normal  liver 
Normal  liver 
Normal  liver 
Kidney 
Placenta       at 

full  term 
Muscle 


Average  for  somatic  tissue  . 


Average  for  tumor  . 


Arginine  N 
in  percent- 
age of  total 
N. 


6.88 
5.61 


32 

72 
19 

3 
5 


6.07 


12.42 


HistidineN 
ill  percent- 
age of  total 
N. 


2.01 
1.76 
2.31 
1.76 
2.51 

0.30 
1.8 


1.78 


4.86 


Lysine  N 
in  percent- 
age of  total 
N. 


6.60 
5.54 
4.81 
5.64 
6.05 

3.5 
7.6 


5.68 


11.23 


Total  base 
N  in  per- 
centage. 


15.48 
12.91 
15.44 
13.12 
12.75 

8.1 
16.9 


13.52 


28.48 


*  Wakeman. 
**  Koelker  and  Slemons. 


TABLE  IV.' 

Protein. 

Arginine. 

Histiiline. 

L>sine. 

Total  base  N. 

**  Egg  albumin 

**GIiadin  (wheat).... 
**  Casein.         

pel  CfTtt 

10.2 
6.7 
8.0 
6.2 

per  cent 

2.7 
2.4 
4.0 
2.4 

per  cettl 

4.3 

8.6 
9.2 

Tier  cent 

17.2 

9.1 

20.6 

**  Lactalbumin  j^ilk) 

17.8 

*  These  figures  for  nitrogen  percentages  are  calculated  from  the  amino- 
acid  percentages  by  factors  given  by  Van  Slyke  {Ber.  d.  deiitsch.  chem. 
Gesellsch.,  1911,  xliv,  1690). 
**  Osborne  and  Mendel. 
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A  comparison  of  the  amounts  of  hexonc  bases  in  malignant 
tumors  with  the  amounts  in  various  normal  adult  tissues  shows 
an  increase  in  the  former.  Generally,  the  yields  of  argininc, 
lysine,  and  histidine  ol)tained  on  hydrolysis  of  malignant  tumors 
are  over  100  per  cent  greater  than  those  obtained  on  hydrolysis 
of  normal  somatic  tissue.  The  quantities  of  these  ba.ses  are  also 
greater  than  those;  found  in  anj'  isolated  protein  except  the 
protamines  and  histones. 

Attempts  to  isolate  Or  to  obtain  qualitative  tests  for  histone  and 
protamine,  using  the  fresh  tumor  tis.sues,  were  unsuccessful. 

These  results  in  conjunction  with  those  of  Osborne  and  Mendel 
may  explain  the  action  of  lysine  in  promoting  normal  growth  on 
the  ground  that  this  dianiino-acid  which  cannot  be  sj'nthesized 
in  the  bod.y  is  an  inherent  requirement  of  the  newly  forming  pro- 
tein and  is  cmbotlied  in  the  structures  of  the  latter  molecule. 
If  this  is  true  for  lysine,  it  seems  probable  that  further  experiments 
with  arginine  and  histidine  will  show  these  bases  to  have  a  similar 
role. 

It  is  pertinent  that  Sweet'-  and  Rous"  have  recently  demon- 
strated that  when  white  rats  having  carcinoma  are  fed  on  a  diet 
deficient  in  the  hexone  bases  the  tendency  to  metastasize  is  dimin- 
ished. In  some  of  their  cases,  however,  the  tmnor  grew  as  rapidly 
as  ever,  and  in  that  event  there  was  a  correspondingly  rapid 
emaciation  of  the  body.  This  fact,  it  seems  to  me,  may  indicate 
that  the  somatic  tissue  was  broken  down  to  furnish  these  sub- 
stances to  the  rapidly  growing  tumor  cells. 

Whether  such  high  percentages  of  the  hexone  bases  as  we  have 
found  is  a  peculiarity  of  malignant  tumors,  or  whether  such  an 
increase  will  be  found  in  normal  rapidly  growing  tissue  is  a  prob- 
lem now  under  investigation  in  this  laboratory.  - 

SUMM.\RY. 

In  five  cases  of  malignant  tumor  the  quantity  of  hexone  bases 
was  approximately  double  that  found  in  normal  t,issue. 

These  results  suggest  a  new  approach  to  the  study  of  the  cancer 
problem,  especially  as  it  relates  to  metabolism. 

"  Sweet,  J.  E.,  Corson-White,  E.  P.,  and  Saxon,  G.  J.,  ibid.,  1913,  xv,  181 . 
"  Rous,  P.,  Bull.  Johns  Hopkini:  Hosp.,  1915,  xxvi,  146. 
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THE  MECHANISM  OF  THE  SPARING  ACTION  OF  CAR- 
BOHYDRATES ON  PROTEIN  METABOLISM. 

By  R.  a.  KOCHER. 

(From  The  George  Williams  Hooper  Foundation  for  Medical  Research, 
University  of  California  Medical  School,  San  Francisco.) 

(Received  for  publication,  May  4,   1916.) 

Voit/  Rubner,'  Benedict,'  Siv^n,^  Landergren,*  and  others  have 
repeatedly  demonstrated  that  ingested  carbohydrates  exert  a  spar- 
ing effect  on  the  metabolism  of  body  protein.  This  sparing  action 
is  considerably  more  marked  with  carbohydrates  than  with  fats. 
It  is  possible  with  the  ingestion  of  large  amounts  of  carbohydrates 
to  reduce  the  nitrogen  output  in  man  from  the  starvation  figures 
of  8  or  10  gm.  to  as  low  as  3  gm.  If  the  carbohydrates  are  onoitted 
from  the  diet  or  even  replaced  bj-  fat,  the  nitrogen  output  again 
increases  to  more  than  double  this  minimum.  Loewi/  Liithje,^ 
Lesser,*  and  others  further  showed  that  carbohydrates  are  neces- 
sary for  the  utilization  of  the  spht  products  of  protein.  Without 
carbohydrates  there  is  no  retention  of  nitrogen  on  feeding  mix- 
tures of  the  abiuret  spUt  products.  In  explanation  of  this,  Liithje 
thought  that  an  amino  sugar  was  formed.  There  is,  however, 
no  experimental  evidence  to  support  this  \aew.  According  to 
Landergren,  since  under  physiological  conditions  fats  cannot 
supply  this  want,  the  proteins  are  broken  down  to  j-ield  the  sugar 

•  Voit,  C,  Hermann's  Handb.  Physiologie,  Leipsic,  1881,  140. 

» Rubner,  M.,  Die  Gesetze  des  Energieverbrauchs  bei  der  Ernahrung, 
Vienna,  1902. 

'Benedict,  F.  G.,  Carnegie  Institution  of  Washington,  Publication  No. 
77,  1907. 

•  Siven,  V.  0.,  Skand.  Arch.  Physiol.,  1900,  x,  91;  1901,  xi,  308. 

•  Landergren,  E.,  Skand.  Arch.  Physiol.,  1903,  xiv,  112. 

•  Loewi,  O.,  Arch.  exp.  Path.  u.  Pharm.,  1902,  xlviii,  303. 
'  Liithje,  H.,  Arch.  ges.  Physiol.,  1906,  cxiii,  547. 

•  Lesser,  E.  J.,  Z.  Biol.,  1904,  xlv,  497. 
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which  is  lacking.  This  results  in  an  increase  in  the  nitrogen 
output.  Cathcart'  suggested  that  carbohydrate  is  essential  to 
protein  synthesis,  and  this  view  is  held  also  by  Janney.'" 

Sugar,  except  when  stored  as  glycogen,  is  dissociated  in  a 
definite  way  in  the  body  into  simpler  molecules.  An  idea  of  the 
relationship  of  glucose  to  the  dissociation  products  may  be 
gathered  from  the  following  scheme: 

Oxidation. 
CsH.jOs    -^       CHsCOCHO       ->  CHjCHOHCOOH  -^    CH3COCOOH 
Glucose.  Methyl  glyoxal.  Lactic  acid.  Pyruvic  acid. 

Of  special  interest  in  this  connection  is  the  fact  demonstrated 
by  Otto  Neubauer  that  keto  and  hydroxy  acids  identical  with 
those  arising  in  the  course  of  sugar  catabolism  may  result  from 
the  dissociation  of  proteins  in  the  body.  For  example,  alanine 
is  deaminized  to  form  pyruvic  acid,  which  by  reduction  gives 
rise  to  lactic  acid  according  to  the  following  scheme: 

CH3CH(NH2)COOH    -^    CH3COCOOH    -^    CH3CH(0H)C00H 
Alanine.  Pyruvic  acid.  Lactic  acid. 

It  has  been  shown  by  a  number  of  workers  that  the  above  reac- 
tions are  reversible.  For  example,  lactic  acid  and  pj-ruvic  acid 
may  give  rise  to  glucose  in  a  phlorhizinized  animal.  The  increased 
glycosuria  in'  phlorhizinized  animals  following  ingestion  of  pro- 
teins is  a  further  evidence  of  the  reversal  of  this  reaction.  That 
the  second  of  these  reactions  is  reversible,  namely,  the  synthesis 
of  hydroxj'  and  keto  acids  into  amino-acids,  has  been  demon- 
strated by  Knoop''  as  well  as  by  Embden'^and  others.  They 
have  shown  that  on  perfusing  the  isolated  liver  with  lactic  or 
pyruvic  acid,  nitrogen  can  be  added  on  and  alanine  formed.  If 
this  process  of  retaining  nitrogen  by  dissociation  products  of  sugar 
to  form  new  amino-acids,  and  hence  proteins,  occurs  on  a  large 
scale  in  the  body,  it  will  explain  why  ingestion  of  carbohydrates 

»  Cathcart,  E.  P.,  The  Physiology  of  Protein  Metabolism,  London,  1912, 
121. 
">  Janney,  N.  W.,  /.  Biol.  Chem.,  1916,  xxiv,  p.  xxx. 
"Knoop,  F.,  Z.  physiol.  Chem.,  1910,  Ixvii,  489. 
"  Embden,  G.,  and  Schmitz,  E.,  Biochem.  Z..  1910,  xxix,  423. 
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spares  body  protein.  To  test  this  point,  the  sparing  effect  on 
the  nitrogen  output  of  ingesting  lactic  and  pyruvic  acids  as  com- 
pared with  the  sparing  action  of  equivalent  amounts  of  undis- 
sociated  carbohydrates  was  undertaken  in  these  experiments. 

EXPERIMENTAL. 

Large  healthy  dogs  were  used  for  the  experiments.  They  were 
allowed  to  fast  for  5  or  6  days.  When  the  nitrogen  output  became 
constant,  lactic  acid,  pyruvic  acid,  or  cane  sugar  was  given  by 
stomach  tube.  The  lactic  acid  was  partly  neutralized  by  calcium 
hydroxide;  pyruvic  acid  was  neutralized  with  sodium  hydroxide. 
For  comparative  purposes  the  sparing  action  of  cane  sugar  was 
first  determined  for  each  dog.  The  urine  was  collected  ever  24 
hours  by  catheterization.  During  fasting  the  dogs  received 
daily  a  liter  of  water,  and  the  carbohydrates  and  acids  were 
administered  in  an  equivalent  dilution,  so  that  the  daily  quantity 
of  urine  was  kept  constant.  The  results  of  the  experiments  are 
tabulated  in  Tables  I  to  III. 


TABLE  I. 


Experiment  l.^\  healthy  bitch  weighing  19.5  kg.  Cane  sugar  was  given 
on  the  7th  day;  lactic  acid  partly  neutralized  with  calcium  hydroxide  was 
given  by  stomach  tube  on  the  10th  day. 


Day. 


5 
6 

7 

8 

9 

10 


11 
12 


Food. 


Fasting 

95  gm.  cane  sugar. 
Fasting 

100  gm.  lactic  acid 
Fasting 


N  in  the 
urine. 


gm. 

2.86 

2.92 

1.66 

2.56 

2.84 

1.82 


2.48 
3.03 


Remarks. 


3.32  gm.  of  /-lactic  acid 
were  recovered  in  the 
urine. 
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TABLE  II. 
The  Effect  of  Lactic  Acid  on  the  N  Output  of  the  Dog. 

Experiment  2. — Dog  weighing  18.6  kg.  In  this  e.xperiment  doses  of  cane 
sugar  and  lactic  acid  were  given  over  3  days  in  amounts  of  80  and  SO  gin. 
respectively. 


Day. 


5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 


Food. 


Fasting 

tt 

76  gm.  cane  sugar, 

76    "       " 

76    "       " 

Fasting 

it 

it 

It 

80  gm.  lactic  acid 
80    ".      "          "    . 
80    "      "          " 
Fasting 


N 
in  the 
urine. 


35 
49 
25 
74 
27 
1.44 
2  22 
19 
40 


3 

3 

2.68 

2.19 

1.65 

2.03 

2.55 


Remarks. 


Traces  of  lactic  acid  found  in  the  urine. 


TABLE  III. 

Experiment  3. — Same  dog  as  in  Experiment  2.  Pyruvic  acid  neutralized 
with  sodium  hydroxide  was  given  in  doses  of  80  gm.  per  day  for  3  days. 
The  pyruvic  acid  was  prepared  in  the  laboratory  by  the  distillation  of 
tartaric  acid  and  potassium  hydrogen  sulfate.  It  was  freshly  distilled 
before  use. 


Day. 

Food. 

N 
mthe 
urine. 

Remarks. 

6 

7 

Fasting 

tt 

gm. 

3.52 
3.41 
2.88 
2.44 
2.18 

2.56 
2.85 
3.36 

8 

9 

10 

11 

80  gm.  pyruvic  acid. 
80  "            "          "    . 
SO  "            "          "    . 

Fasting   

Traces  of  Wactie  acid  were  detec'ed  in 
the  urine. 

P 

tt 

13 

tt 
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Following  the  ingestion  of  cane  sugar  there  was  the  usual  reduc- 
tion of  the  nitrogen  output.  In  these  experiments  this  reduction 
was  down  to  approximately  53  per  cent  of  the  fasting  nitrogen 
when  100  gm.  of  carbohj'^drates  were  given  on  1  day  only;  follow- 
ing the  administration  of  76  gm.  a  day  for  3  consecutive  days, 
the  niti'ogen  output  was  reduced  to  about  37  per  cent  of  the 
fasting  nitrogen.  These  figures  serve  as  a  basis  of  comparison 
for  the  sparing  action  of  equivalent  amounts  of  lactic  and  pyruvic 
acids.  In  Experiment  1  where  100  gm.  of  lactic  acid  were  given, 
the  nitrogen  output  was  reduced  from  2.84  to  1.82  gm.,  or  64  per 
cent  of  the  fasting  nitrogen.  3.32  gm.  of  Z-lactic  acid  were  recov- 
ered from  the  urine.  It  is  apparent  that  not  quite  all  of  the 
lactic  acid  had  been  utilized,  but  the  reduction  in  the  nitrogen 
output  to  64  per  cent  as  compared  with  53  per  cent  for  an  equiva- 
lent amount  of  cane  sugar  indicates  that  lactic  acid  spares  protein 
to  practically  the  same  extent  as  do  carbohj^drates.  In  Experi- 
ment 2  lactic  acid  was  given  in  amounts  of  80  gm.  on  3  consecu- 
tive days.  The  daily  nitrogen  output  was  reduced  from  3.4  gm. 
to  1.65  gm.  on  the  3rd  day,  or  48  per  cent  of  the  fasting  nitrogen 
as  compared  with  a  reduction  to  37  per  cent  following  equivalent 
amounts  of  cane  sugar.  There  were  traces  of  lactic  acid  found 
in  the  urine,  so  that  it  is  likely  that  had  all  the  lactic  acid  been 
utilized  reduction  in  nitrogen  output  would  have  been  fullj'  as 
great  as  that  following  carbohydrates.  In  Experiment  3  the 
effect  of  ingesting  pyruvic  acid  was  studied.  80  gm.  doses  per 
day  were  given  for  3  days.  The  nitrogen  output  fell  from  3.41 
to  2.18  gm.  on  the  3rd  day,  or  64  per  cent  as  compared  with  37 
per  cent  following  carbohydrates,  and  48  per  cent  following  lactic 
acid.  There  were  no  toxic  symptoms  apparent  following  adminis- 
tration of  these  amounts  of  pyruvic  acid  in  the  form  of  the  sodium 
salt.  A  trace  of  Z-lactic  acid  was  detected  in  the  urine  on  the  3rd 
day  following  the  administration. 

DISCUSSION    OF   RESULTS. 

Lactic  acid  exerts  practically  the  same  sparing  action  on  pro- 
tein metabolism  as  carbohj-drates.  Following  pj-ruvic  acid  the 
sparing  action  is  ver}'  distinct  but  less  marked  than  that  following 
lactic  acid  and  carbohydrates.     The  dissociation  of  glucose  in 
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the  body  is  by  way  of  lactic  acid  as  one  of  the  chief  intermediate 
steps.  Lactic  acid  can  be  oxidized  in  the  body  to  pyruvic  acid. 
As  pointed  out  in  the  introductory  remarks,  it  has  been  shown 
that  lactic  acid  as  well  as  pyruvic  acid  can  add  on  ammonia 
nitrogen  to  form  alanine.  WHien  this  process  is  operative,  nitro- 
gen arising  from  catabolism  of  body  proteins  instead  of  being 
excreted  is  utilized  to  synthesize  new  protein.  It  is  true  that 
the  above  reactions  are  reversible,  as  has  been  shown  in  phlor- 
hizinized  animals;  but  the  normal  catabolism  of  glucose  is  in  the 
direction  indicated,  giving  rise  to  simpler  molecules,  which  in 
turn  may  be  in  part  combined  with  nitrogen  to  synthesize  protein. 
That  this  fixing  of  catabolized  nitrogen  by  the  dissociation  prod- 
ucts of  glucose  to  form  new  proteins  is  the  true  mechanism  of  the 
sparing  effect  of  feeding  carbohydrates  on  the  nitrogen  output 
gains  further  support  in  the  experiments  here  reported. 
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Introduction 

Despite  the  large  amount  of  work  of  manj^  investigators,  the 
nature  of  biological  specificity  remains  ob.scure.  It  is  well  known 
that  if  an  animal  be  immunized  with  the  serum  from  an  animal  of 
another  species,  antibodies  are  formed  in  the  serum  of  the  treated 
animal  which  will  react  specifically  with  the  serum  from  an  animal 
of  the  same  species  as  that  from  which  the  serum  used  in  the  injec- 
tion wa.s  taken.  Instead  of  serum,  washed  corpuscles,  extracts  of 
body  tissues,  milk,  egg-white,  bacteria,  pure  proteins,  etc.,  may  be 
used  to  produce  an  immiuiity,  and  the  presence  of  proper  amoiints 
of  antiliodics  (antitoxins,  agglutinins,  precipitins,  fixing  anti- 
bodies, etc.)  can  be  demonstrated  by  the  appropriate  reaction. 
Antibodies,  in  general,  can  be  produced  in  animals  only  by  protein 
substances  and  not  by  carbohydrates  and  fats.  Some  evidence 
has  been  brought  forward  to  show  that  lipoids'  may  be  anti- 
genic, but  the  recent  work  of  Fitzgerald  and  Leathes-  and  Thiele 
and  Embleton^  shows  that  if  the  lipoid  be  pure  it  is  non-anti- 
genic.  and  the  apparent  antigenic  properties  reported  by  various 
workers  at  times  may  have  been  due  to  admixed  proteins.    There 


*  Aided  by  a  grant  from  the  George  Williams  Hooper  Foundation  for 
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is  also  siiiiR'  evideiiL-u  brought  iortli  to  show  that  glucosides*  are 
antigeuie  but  doubt''  has  been  cast  on  this  work,  since  it  is  open 
to  the  same  objection. 

Instead  of  establishing  an  immunity  to  a  foreign  serum  or 
protein  substance,  an  animal  may  be  made  more  susceptible,  so 
that  on  giving  it  a  subsequent  injection  of  the  homologou.s  sub- 
stance, it  will  suffer  an  anaphylactic  shock.  This  very  interesting 
phenomenon  has  been  studied  at  length  by  Portier  and  Richet," 
Arthus.'  Otto,*  Rosenau  and  Anderson,"  Richet,'"  Von  Pirquet 
and  Shick."  Biedl  and  Kraus,'-  Friedberger  and  Hartoch.'^  Gay 
and  Southard.'*  Xicolle,'*'''  Friedemann,'"  Pcarce  and  Eiseiibrey." 
Auer  and  Lcwi.s,"  Jobling,'*"  and  many  others.  The  subject  is 
reviewed  at  length  by  Richet,'"  Gay,""  Rosenau  and  Anderson.-' 
Doerr,^-  and  Zinsser.^-" 

In  general,  the  biological  reactions  appear  to  be  specific, 
though  probably  only  relatively  so.  In  this  respect  the  precipitin 
reaction-'  has  been  studied  at  length.  Thus  ]\Iyers-*  and  T'hlcn- 
hnth-'  noted  that  rabbits  immunized  with  egg-albumin  gave  pre- 
cipitins which  acted  not  only  with  the  substance  derived  from 
one  species  but  also  with  egg-albumin  of  other  species,  the  re- 
action being  more  marked  with  the  homologous  than  with  the 
heterologous  sub.stauee.  The  experiments  were  further  extended 
by  XuttalP"  and  Graham-Smith,-'  who  likewise  obtained  pre- 
cipitin reactions  with  heterologous  egg-albumins.  Welsh  and 
Chapman,-*  by  saturation  experiments,  found  in  avian  egg-white 
antiserum  the  presence  of  a  general  avian  antisub.stance  together 
with  the  specific  antisubstance.  Observations  indicative  of  the 
presence  of  a  general,  as  well  as  a  specific  antibody,  in  the  pre- 
cipitin reaction  were  also  made  by  Levene""  and  by  Umber. ^° 
On  the  specificity  of  serum  precipitins,  observations  have  been 
made  by  Uhlenhuth,^'  Wassermann  and  Schiitze.'-  Ewing  and 
Strauss."''  Ewing.^*  Stern, ^^  Wassermann. ^'^  Griinbaum.^'  Strube,^* 
Linos.sier  and  Lemoine,^"  and  Gay.*"  In  general,  the  specificity 
of  the  precipitin  reaction  is  shown,  though  it  is  quite  apparent 
that  precipitins  shownng  group  reactions  for  closely  related  bio- 
logical substances  can  be  obtained. 

The  anaphylactic  reaction  appears  to  be  no  less  markedly 
specific  than  the  precipitin  reaction,  as  shown  by  the  recorded 
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work  on  the  subject.  Thus  Roseuau  and  Anderson^'  found  that 
guinea-pigs  sensitized  with  a  foreign  serum  reacted  more  violently 
when  subsequently  given  an  injection  of  serum  from  an  animal 
of  the  .same  species  than  when  injected  with  the  serinii  from  an 
animal  of  another  species.  However,  a  guinea-pig  sensitized  to 
horse  serum  did  not  react  to  a  subsequent  injection  of  egg-white 
or  milk.  They  were  also  able  to  demonstrate  that  a  guinea-pig 
could  be  sensitized  with  three  ditTei-ent  substances,  viz.,  egg- 
white,  milk,  and  horse  serum  and  subsequently  react  on  a  second 
injection  to  each  of  the.se  substances.  The  u.se  of  widely  differing 
protein  substances  eliminated  any  group  reaction.  Later  they 
found  that  reactions  could  be  obtained  between  .substances  closely 
related  biologically.  Gay  and  Southard"'*  cite  experiments  to 
show  that  the  anaphylactic  sensitization  produced  in  guinea-pigs 
by  the  previous  injection  of  horse  serum,  egg-white  or  milk  is 
(mly  relatively  specific,  depending  on  whether  any  partial  in- 
toxication by  a  heterologous  substance  has  been  produced. 
Thomsen''-  in  accordance  with  the  work  of  Rosenau  and  Ander- 
son found  that  an  animal  sensitized  to  a  foreign  serum  reacted 
anaphylactically  only  with  a  homologous  serum  and  not  to  any 
foreign  sera  unless  the  serum  was  from  an  animal  showing  close 
biological  relationship.  The  reports  of  various  observers  seem 
to  indicate  that  lens  protein  showed  no  specificity,  but  Kapsen- 
berg*^  found  that  it  po.s.sesses  a  slight  but  distinct  specificity 
when  tested  by  tile  anaphylaxis  reaction.  The  experiments  of 
Wells."  Jiosredka.^-'  Uhlenhuth  and  Haendel.*"  Kraus.^'  Andre- 
jew.'*'*  Pfeift'er  and  ilita."  Priedbcrger  and  Goretti.''"  Krusius''^ 
and  othfis  show  that  the  anaphylactic  reaction  is  specific,  though 
a  lesser  reaction  may  be  obtained  with  a  closely  related  substance 
which  may  be  biologically  different. 

With  the  alexin  fixation  reaction,^-  results  es.scntiaiiy  in 
accordaiiw'  with  those  previoiisly  cited  for  the  jirt'cipitin  and 
anaphylactic  reactions  have  been  obtained,  .showing  that  cross- 
fixatioia  may  be  obtained  with  protein  sub.stances  closely  related 
chemically  or  biologically.  Thus  Gengou'^'  -states  that  by  inject- 
ing rabbits  with  large  doses  of  cow's  milk,  egg-white,  horse 
fibrinogen,  or  heated  dog  serum,  sensitizers  are  formed  analogous 
to  those  ilescribed  by  Bordet  in  bacteriolytic  and  hemolytic  .sera 
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and  the  sensitizers  in  these  immune  sera  may  react  with  sub- 
stances other  than  those  used  for  immunization.  Thus  the  serum 
(if  an  animal  injected  with  hen  l)lood  reacts  with  hen  egg-white. 
Hailner,"'  Dunbar."''  Wendelstadt  and  Fellner."'''  working  with 
vegetable  proteid  substances,  found  that  the  reactions  were 
specific.  Bauer^'  finds  that  the  alexin-fixation  reaction  is  more 
specific  than  the  precipitin  and  is  able  to  differentiate  different 
protein  substances  from  the  same  species.  Briick''*  also  finds  that 
the  alexin-fixation  reaction  is  very  specific,  though  Fitzgerald''-' 
does  not  agree  with  his  findings  that  racial  differences  can  be 
determined  by  this  reaction. 

Thus  far  we  have  considered  only  the  specificity  of  sera, 
tissue  extracts  and  closely  related  biological  substances,  all  of 
which  are  of  indefinite  chemical  composition,  being  either  mix- 
tures of  a  number  of  different  proteins  or  a  complex  chemical 
combination  of  loosely  bound  proteins  such  as  Hardy''"  considers 
exists  in  blood  sera.  To  interpret  the  large  amount  of  accumulated 
data  on  specificity  of  body  tissues  and  fluids  from  the  standpoint 
of  chemical  constitution  is  impossible.  'We  can  merely  suspect 
that  possibly  the  interreaction  between  two  protein  sub.stances 
such  as  egg-white  derived  from  different  species  is  due  to  the 
presence  of  proteins  varying  but  little  in  their  composition,  or  to 
the  presence  of  common  groups  within  certain  protein  molecules 
in  the  substance,  or  to  the  linkage  of  certain  proteins  not  wholly 
in  common,  which,  when  combined,  woidd  make  the  combination 
react  not  only  with  itself  but  individually  with  the  several  pro- 
teins forming  the  combination.  It  is  clear  that  real  progress  can 
be  made  from  a  chemical  standpoint  only  by  working  with  pure 
proteins  or  c(mibinations  of  pure  proteins  whose  composition  is 
known. 

The  necessity  of  working  with  pure  proteins  was  realized  .some 
time  ago.  Gengou^^  in  his  fixation  experiments  used  casein,  that 
protein  being  easily  obtained  in  a  comparatively  pure  state. 
Fleischer'*^  was  able  to  obtain  precipitin  reactions  with  purified 
casein  from  different  species.  Wells/-  working  with  recrystal- 
lized  egg-albumin,  found  that  it  was  much  more  active  anti- 
genieally  than  the  unpurified  egg-white  from  which  it  was 
derived.     He   noted   that   the   toxicitj-   of   proteins  which   were 
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coagulated  l)y  alcohol  or  by  heatinf^  was  destroyed  or  reduced 
while  otiier  proteins  which  were  not  coajjulated  were  unaffected 
by  heat.  His  exjieriinents  yielded  the  interestiiiii:  int'oi'niation 
that  gelatine  was  unable  to  sensitize  or  intoxicate;  that  complete 
tryptic  digestion  of  a  protein  causes  it  to  lose  its  toxic  properties 
for  animals  previously  sensitized  to  that  protein,  and  that  there 
was  a  difference  in  the  toxicity  of  zein  and  gliadin.  Continuing 
this  work.  AVells"'  later  found  that  ovovitellin  fi'ora  hens'  eggs 
is  entirely  dift'erent,  when  tested  anaphylactically,  from  ovo- 
mucoid oi-  crystallized  egg-albumin.  This  demonstrated  the 
presence  of  a  number  of  different  antigens  in  egg-white.  He 
confirmed  the  previous  work  of  Fleischer"'  that  casein  from 
various  species  interreacts.  showing  that  chemically  the  casein 
from  dift'erent  species  i.s  identical.  Wells  further  carried  out 
expei'iments  with  hi.stoues,  nucleic  acid  and  nucleoproteins.  his 
results  showing  that  not  all  proteins  or  protein  derivatives  are 
antigenic.  In  fact,  he  found  that  the  histone  from  cod  testes 
was  very  toxic,  confirming  Taylor's"*  previous  observation  that 
protamine  from  salmon  sperm  was  toxic. 

Later  Wells"''  working  with  Osborne,  to  whom  we  are  indebted 
largely  for  our  knowledge  of  the  vegetable  proteins,  carried  out 
the  most  comprehensive  immunologic  experiments  with  pure  vege- 
table proteins  that  have  so  far  been  done.  They  found  that  all 
the  proteins  studied  caused  anaphylaxi.s  in  sensitized  animals, 
the  toxieity  dift'eriiig  with  the  particulai'  [irotein  used.  Within 
certain  limits  the  vegetable  proteins  were  sj>ecific.  though  groups 
which  interreacted  were  found  which  established  the  close  re- 
lationshi|)  of  the  gliadins  from  wheat  and  rye  and  the  legumins 
of  the  ]iea  and  vetch.  Guinea-pigs  sensitized  with  gliadin  from 
wheat  or  rye  gave  strong  anaphylactic  reactions  with  hordein 
from  barley,  but  not  so  strong  as  with  the  homologcms  protein. 
These  experiment.s  indicate  that  specificity  is  determined  by  the 
chemical  constitution  of  the  protein  molecule  instead  of  by  its 
biological  origin.  Since  an  animal  sensitized  to  a  particular 
protein  reacts,  though  not  so  strongly,  with  a  protein  of  dift'erent 
biological  origin,  thmigh  iirobably  closely  related  ehemieally.  it 
would  appear  that  the  entire  protein  molecule  is  not  involved  in 
the  specificity  but  only  certain  groups  of  which  there  may  be 
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a  niiniber  in  each  molecule.  Thus  proteins  having  one  or  more 
groups  in  common  would  interreact  to  a  greater  or  less  extent. 

While  tile  work  of  "Wells  and  Osborne  was  in  progress,  "White 
and  Avery""  working  with  pure  edestin  and  gliadin  obtained  some 
very  interesting  results.  By  means  of  hemagglutination,  the 
precipitin  reaction,  alexin  fixation,  and  the  anaphylaxis  reactions, 
they  were  able  clearly  to  differentiate  edestin  from  gliadin.  On 
hydrolyzing  edestin  with  an  alcoholic  solution  of  sodium  hydrate, 
fatal  intoxication  in  guinea-pigs  similar  to  anaphylactic  shock 
was  produced  on  intravenous  injection. 

Elliott."'  continuing  the  work  begun  by  "Wells  on  mucin,  found 
that  the  glycoproteins  studied  by  him  were  antigenic,  but  not  so 
markedly  so  as  simple  proteins.  The  specificity  of  mucin  was 
marked,  though  to  a  lesser  degree  reactions  were  obtained  with 
the  serum  of  the  homologous  animal  and  with  the  other  mucins 
almost  as  well  as  with  the  blood  serum.  The  reaction  with  the 
other  mucins  was  independent  of  species  and  the  antisennii  did 
not  react  with  the  blood  serum  of  the  different  species.  His  work 
gave  support  to  the  theory  that  the  chemical  structure  of  the 
antigen  is  the  determining  factor  rather  than  its  biological  origin. 

Believing  that  the  specificity  of  a  protein  is  dependent  on 
the  structure  of  the  amino-aeid  groups.  Obermeyer  and  Pick,"* 
by  iodizing,  nitrifying  or  diazotizing  rabbit  serum,  found  that 
such  altered  proteins  would  produce  precipitins  which  would 
react  only  with  the  same  changed  proteins  without  regard  to  the 
species  from  which  the  protein  was  derived,  but  not  with  the 
original  unchanged  protein.  Land.steiner  and  Jablons""  treated 
egg-white  with  acetic  anhydride  and  obtained  antigens  wliich 
showed  very  slight  species  specificity  but  more  pronounced  struc- 
ture specificity.  This  they  attribute  to  the  entrance  of  the  acetyl 
group  into  the  structure  of  the  protein  molecule.  ^Vells"-  and 
Pick  and  Yamanouchi'"  were  unable  to  obtain  the  same  effect  on 
the  specificity  of  the  anaphylactic  reaction  as  found  by  Ober- 
meyer and  Pick  with  the  precipitin  reaction.  The  toxicity  of  the 
iodized  protein  appears  to  be  diminished.  Not  all  protein  sub- 
stances are  able  to  stimulate  the  production  of  antibodies  or  even 
to  sensitize  for  anaphylactic  shock.  Some  are  even  primarily 
toxie.     The  previously  cited  work  of  "Wells"-  with  gelatine  and 
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that  of  Taylor"*  and  AVells"''  with  iirdtamiiic  ilhistrates  these  two 
points."'  Earlier  workers'-  with  i)c])t()iic  and  partial  di^restion 
products  of  proteins  noted  a  retardation  of  hlood  coagulation. 
Nolf.'-'  and  Underhill'*  have  shown  that  the  proteoses  are  toxic 
when  injected  into  animals,  and  Biedl  and  Kraus'-  attempted  to 
show  that  auajihylaxis  is  produced  hy  substances  similar  to  those 
causing  peptone  intoxication,  hut  this  view  has  been  criticised 
by  Richet"  and  Wells"-  and  apparently  shown  to  be  incorrect. 
Zunz'"  further  showed  that  active  and  passive  anaphylaxis  can  be 
produced  in  both  rabbits  and  guinea-pigs  by  the  three  primary 
albumoses.  but  not  by  thioalbumose  or  the  so-called  secondary 
proteoses,  or  by  Siegfried's  pepsintibrinpeptone-/3.  or  by  the 
products  of  the  peptic,  tryptic  or  ereptic  digestion  of  fibrin. 
Synalbumose  was  found  to  sensitize  only. 

It  would  appear,  then,  that  a  protein  can  be  hydrolized  to  a 
point  where  it  loses  one  or  more  of  its  biological  properties  or  even 
becomes  non-toxic."'  In  attempting  to  correlate  the  structure  of 
proteins  with  their  toxicity  on  initial  injection,  Schittenhelm  and 
Weichardt"  found  that  globin,  protaniin.  and  histone  were  toxic 
as  shown  by  lowering  of  the  blood  pressure,  modified  respiration, 
drop  in  temperature,  and  in  some  cases,  death.  In  comparison, 
the  true  proteins  such  as  casein  produced  no  such  symptoms  when 
injected  into  animals.  These  results  are  in  accordance  with  their 
general  findings  that  proteins  can  be  rendered  non-toxic  either 
by  combining  with  other  substances  which  are  not  toxic  (e.g., 
nucleohistone)  or  by  splitting  them  into  comparatively  simple 
products  which  are  non-toxic.  Biirger'"  has  likewise  found  that 
aniino-acids,  pure  albumoses,  protamines  and  acid  albumins  are 
not  adajjted  to  .sensitize  in  anaphylaxis.  Gay  and  Roberts<m"' 
carried  out  experiments  with  casein  and  its  split  products.  They 
foiuid  that  casein  and  paraiuicleiii  liavc  distinct  antigenic  proper- 
ties as  shown  by  the  anaphylaxis  and  alexin-fixation  reactions. 
A  solution  of  the  products  of  the  complete  peptic  digestion  of 
casein  was  toxic  for  animals  but  not  more  markedly  so  in  animals 
which  had  previously  been  sensitized  to  paranuelein  or  itself. 
This  preparation  failed  to  give  a  fixation  reaction  with  an  anti- 
casein  or  anti-parauuclein  serum.  The  principal  amiuo-acids  of 
casein,  glutamic  acid  and  leucin,  mixed  in  the  same  proportions 
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as  present  in  the  |)arciit  jM'oteiii  slioueil  no  anligenif  properties, 
neither  were  they  toxic.  By  the  synthetie  action  of  pepsin  by 
which  ])ai-Mnuclein-A  (Robertson)'*"  is  built  nji  frmii  thi'  pnnhicts 
of  tlie  complete  peptic  digestion  of  casein.  Gay  and  Robertson 
.slunved  the  genesis  of  an  antigenic  substance  from  non-antigenic 
[H'lidncts.  Parainulein  and  the  synthetic  product  when  tested 
by  reactions  of  anaphylaxis  and  alexin  fixation  with  ;m  anti- 
casein  sernm  proved  to  be  identical. 

Jlost  interesting  is  the  work  of  Vaughan*^  and  his  collabor- 
ators in  splitting  off  different  prodm-ts  from  the  protein  luolcmile 
in  the  attempt  to  attribute  to  some  particular  grouj)  the  property 
of  intoxication  and  to  another  the  power  of  sensitization.  By 
treating  large  masses  of  bacteria  grown  in  special  apparatus  with 
alcoholic  potash  they  were  able  to  split  the  cellular  substance  into 
two  fractions,  one,  the  carbohydrate  group,  insoluble  in  alkaline 
alcohol  and  non-toxic,  while  the  other  is  soluble  in  the  alcohol 
and  exceedingly  toxic  for  animals,  giving  symptoms  similar  to 
anaphylaxis.  The  same  poison  was  obtained  irrespective  of  what 
bacterial  substance  was  used.  Extending  the  work  further  they 
were  able  to  obtain  this  toxic  fraction  from  any  pure  protein, 
irrespective  of  its  origin.  The  toxic  fraction  split  from  proteins 
by  alcoholic  potash  does  not  sensitize  and  shows  no  specificity. 
Their  theory,  then,  is  that  all  proteins  contain  two  groups,  one 
of  which  is  toxic  and  physiologically  the  same  in  all  proteins, 
to  which  is  attributed  the  symptoms  shown  li\'  a  sensitized 
animal  on  subsequent  injection  of  the  protein:  the  other  a 
sensitizing  group  which  differs  in  proteins  and  to  which  the 
specificity  of  the  protein  can  be  attributed.  They  have  been  able 
to  obtain  specific  sensitizing  groups  from  certain  bacteria  and 
certain  pure  proteins.  Neither  the  toxic  nor  the  sensitizing  frac- 
tion has  as  yet  been  obtained  in  a  state  of  chemical  purity  or  its 
constitution  established. 

Attacking  the  problem  in  a  somewhat  analogous  way.  Gay 
and  Adler*-  by  fractional  pi'ccipitation  of  blood  s(>rum  with 
ammonium  sulphate,  found  that  the  more  annnonium  suli)liate 
added  the  more  toxic  and  less  sensitizing  the  fractions  became. 
The  first  fraction  (euglobulins),  obtained  by  one-third  satura- 
tion with  ammonium  sulphate,  was  found  to  be  as  highly  sensitiz- 
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iiig  as  uiitrcati'd  liorsc  scriuii  but  iion-toxic  for  sciisitizod  animals. 
This  ohscrvatidii  strciifjthcncd  (Jay  ami  Southard's  theory  tliat 
two  separate  components  exist  in  sera,  one  of  whieli  'aiiapiiy- 
laetiu)  sensitizes  and  the  other  of  which  intoxicates.  FoHowing 
along  the  same  lines  as  Gay  and  Adler.  Doerr  and  Rnss"''  sensi- 
tized guinea-pigs  with  bovine  serum  and  obtained  .symptoms  of 
anaphylaxis  on  a  subsecpii'iit  iiijertion  of  the  globulin  fraetion  of 
tiie  bovine  serum.  Hy  reversing  thi.s  ]n-oeedure  identical  results 
were  obtained.  Repetition  of  the.se  experiments  with  horse  serum 
also  gave  similar  results.  The  albumins  wei*e  neither  sensitizing 
nor  intoxicating  provided  they  were  sufficiently  purified.  From 
these  results  Doerr  and  Russ'*-'  conclude  that  the  sensitizing  sub- 
stance is  identical  with  the  substance  which  exerts  a  toxic  action 
on  reinjection.  Braun''^  likewise  found  that  the  anaphylactic 
reacting  .substance  was  precipitated  from  serum  in  the  globulin 
fraction. 

Ilall*^  found  that  conglutinin  is  jirecipitated  from  heated 
(56°  C)  bovine  serum  by  ammonium  .sulphate  mainly  in  the 
euglobulin  fraction.  By  filtering  through  a  Berkefeld  filter  most 
of  the  conglutinin  of  heated  (56°  C)  bovine  serum  was  retained, 
but  if  fresh  bovine  serum  was  filtered  through  a  Berkefeld  filter 
and  then  heated  to  56°  C  the  conglutinin  was  found  to  have 
passed  through,  apparently  unaltered.  Here  we  propably  have 
an  association  of  molecules  to  form  complexes  of  larger  size,  as 
shown  by  the  inability  to  pa.ss  through  the  Berkefeld  filter. 

Armif"  prepared  crystallized  egg-albumin  according  to  the 
well-known  method  of  Hopkins  in  which  ammonium  .sulphate  is 
used  as  a  precipitating  reagent,  and  was  unable,  on  hydrolyzing 
it  with  alcoholic  )iotash.  to  produce  a  sensitizing  and  an  intoxi- 
cating substance  such  as  Vaughan  has  described.  P"'rom  this 
Vaughan  concludes  that  the  precipitating  salt  has  changed  the 
nature  of  the  protein,  and  considers  it  probable  that  the  ana- 
phylactin  obtained  by  Gay  and  Adler  contains  the  poisonous 
group  but  so  combined  that  it  is  not  set  free  in  vitro  or  in  vivo. 
For  this  assumption,  however,  there  is  no  direct  proof. 

Thus  far  we  have  considered  the  attempts  made  by  experi- 
menters to  account  for  the  various  phenomena  connected  with 
specificity,    immunity    and    sensitization,    nearly    all    of    whom 
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attacked  the  problem  from  the  aiialytieal  standpoint,  i.e.,  to 
obtain  by  means  of  purification,  chemieal  separation,  or  from 
.similarity  of  chemical  striic-turi'.  the  individual  determining 
i'actors  to  which  tlie-se  phenomena  might  he  attributed.  These 
attempts  have  met  with  a  certain  amount  of  succcs-s.  But  since 
our  knowledge  of  the  chemical  constitution  of  pure  pi'oteins  and 
even  of  the  methods  for  the  separation  of  pure  proteins  from 
complex  protein  substances  is  far  from  comi)letc.  this  method 
of  attack  has  fallen  short  of  its  goal.  The  other  alternative  is 
offered  by  the  synthesis  of  proteins  or  protein  comjiounils  which 
would  possess  di.stinetive  properties.  Although  the  work  of  Emil 
Fischer  and  his  pupils  has  added  greatly  to  our  knowledge  of 
the  building  of  proteins,  yet  it  has  not  reached  the  stage  where 
it  can  be  used  for  the  .study  of  such  complex  problems  as  bio- 
logical .specificity.  Attempts  to  attack  specificity  liave  .so  far 
been  limited  to  the  .synthesis  of  proteins  through  the  reversible 
action  of  ferments  or  the  combinations  of  two  pure  protein  sub- 
stances to  form  a  protein  complex.  This  may  be  done  by  the 
combination  of  two  non-antigenic  proteins,  one  or  both  of  which 
may  be  toxic  or  both  non-toxic,  to  form  a  compound  having 
properties  different  from  those  of  either  of  the  constituents;  or 
by  the  combination  of  an  antigenic  and  a  non-antigenic  protein, 
the  latter  of  which  may  be  toxic.  It  is  conceivable  that  a  large 
protein  complex,  such  as  Hardy""  assumes  exists  in  blood  serum 
and  to  which  Robertson*'  has  suggested  the  specificity  of  animal 
tissues  and  fluids  might  be  due,  could  be  built  from  pure,  known 
proteins.  Since  there  are  considerable  differences  in  the  content 
of  various  proteins  in  the  blood  sera  of  different  species  of  animals 
as  shown  by  the  recent  work  of  Robertson  and  collaborators,*' 
tlie  protein  complexes  would  also  differ,  and  this  might  account 
for  the  differences  in  the  crystalline  form  of  hemoglobin  observed 
by  Reichert  and  Brown*"  in  different  species,  the  form  of  the 
cr^-.stal  being  determined  by  the  protein  complexes  in  the  serum. 
Reference  has  already  been  made  to  the  work  of  Schittenhelm 
and  Weichardt,'*  showing  that  when  a  toxic  histone  is  combined 
with  nucleic  acid,  which  is  apparently  non-antigenic,  in  the  form 
of  nucleo-hi.stone  it  becomes  non-toxic.  Toxic  globin  when  com- 
bined with  hematin  as  hemoglobin  is  likewise  non-toxic.    Nucleo- 
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proteins  of  animal  origin  have  been  clainiod  by  Beebe""  and  by 
Guerrini""  to  show  organ  specificity,  but  this  has  been  seriously 
questioned  by  Pearce"'  and  a  number  of  otlier  workers. 

Gay  and  Roliertson"-  ])reparpd  two  conijiound  jiroteins.  glohin 
easeinate  and  protamine  easi'inate.  both  being  combinations  of  an 
antigenic  non-toxic  protein  with  a  non-antigenic  toxic  protein. 
Their  experiments  yielded  very  interesting  results.  Toxic  globin 
when  combined  with  casein  gave  a  compound,  globin  easeinate. 
whicli  gave  antibodies  when  tested  by  the  alexin-fixation  reaction, 
which  reacted  not  only  with  itself  but  with  casein  and  globin 
individually.  By  this  combination  globin  was  rendered  antigenic. 
Shaking  an  antiglobin  easeinate  serum  with  globin  and  subse- 
quentl.y  filtering  removed  the  antibodies  for  globin.  so  that  the 
filtered  serum  reacted  only  partially  with  the  compound  protein, 
not  at  all  with  globin  but  completely  with  casein.  Animals 
sensitized  with  globin  and  subsequently  injected  with  globin 
easeinate  showed  no  symptoms ;  sensitization  with  globin  easeinate 
gave  marked  symptoms  on  reinjection  of  the  compound  protein ; 
animals  sensitized  to  the  compound  protein  reacted  anaphylactie- 
ally  when  subsequently  injected  with  casein ;  a  single  injection  of 
globin  ea.seinate  did  not  produce  symptoms  in  animals.  Though 
the  combination  of  globin  with  casein  rendered  globin  antigenic 
when  tested  by  the  alexin-tixatiou  reaction,  it  did  not  show  sen- 
sitizing action  as  tested  by  a  subsequent  injection  of  the  com- 
pound protein.  Combination  of  protamine  with  casein  did  not 
render  protamine  antigenic,  though  the  antisenun  to  protamine 
easeinate  showed  antibodies  to  casein  and  to  itself  as  tested  by 
the  fixation  reaction.  The  compound,  however,  was  non-toxic. 
In  this  case  the  antigenic  properties  of  the  compound  ai-e  entirely 
due  to  casein.  From  these  experiments  it  is  quite  conceivable 
that  a  protein  complex  may  be  built  up  from  non-antigenie  (also 
toxic)  components  which  would  itself  be  antigenic  and  non-toxic 
but  would  produce  an  antiserum  which  would  react  to  certain 
or  all  of  the  components  used  to  build  up  that  complex.  This 
might  determine  specificity. 

The  present  work  is  a  continuation  of  the  work  on  the  study 
of  compound  proteins  begun  by  Gay  and  Robertson  some  time 
ago.    Before  much  work  was  done  in  preparing  new  compounds 
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it  seemi'd  of  vital  importance  to  study  the  mechanism  of  the 
reaction  which  talcos  place  Ix'tween  proteins  to  form  a  compound, 
inasmuch  as  no  absolute  critci-ia  were  at  hand  to  determine  such 
compound  formation.  The  work  with  which  this  paper  therefore 
is  concerned  is  divided  into  two  parts — (1)  a  study  of  the 
reactions  which  tfd<e  i)lace  when  two  proteins  unite  to  form  a 
compound;  (2)  a  study  of  the  antigenic  ])roperties  of  several 
proteins  compounded  in  this  manner. 


I 

Changes  in  the  H*  and  OH"  Concentrations  which  take 
PLACE  in  the  Formation  of  Certain  Protein  Compoi'nds* 

It  ha.s  lieen  known  for  some  time  that  certain  proteins  com- 
bine with  other  proteins  to  form  compound  proteins.  Kos.seP' 
states  that  the  protamines  in  weakly  alkaline  solutions  combine 
with  proteins  to  form  compounds  which  precipitate  under  proper 
conditions.  Kutscher"*  working  with  all)umoses  obtained  from 
Witte's  peptone  prepared  compounds  not  only  with  protamine  but 
also  with  various  other  proteins.  AMiile  studying  the  properties 
of  the  histones.  Bang"''  was  able  to  confirm  the  observations  of 
Kutscher  and  further  showed  that  various  members  of  this  group 
combine  with  proteins  to  form  compounds.  Kossel  and  Kutscher"" 
surmised  that  hi.stones  (on  account  of  the  high  content  of  basic 
substances)  might  be  a  combination  of  protamine  with  other 
proteins,  but  later  Kossel  and  Pringle""  showed  that  this  view- 
was  incorrect  .since  in  the  first  step  in  the  peptic  digestion  of 
histones  histopeptone  is  formed,  whereas  protamine-protein  com- 
binations are  sjilit  into  protamine  and  protein.  Hunter"*  pre- 
pared a  lumiber  of  compounds  of  protamine  with  various  pro- 
teins, such  combinations  as  clupein-casein.  elupein-gelatin  and 
clupein-edestin  being  obtained.  He  further  determined  the  pro- 
porticm  of  the  two  sub.stances  which  unite  to  form  the  compound 
protein.  Gay  and  Robertson  "-"  .studying  the  antigenic  properties 
of  compound  proteins,  prepared  the  compound  protamine 
(salmin)  caseinate.    Robertson,*'''  unaware  of  the  work  of  Bang. 


*  Published  as  a  separate  eoniinunication  in  tlie  Jour.  Biol.  Chem.,  1916, 
vol.  25,  p.  63. 


i''i6]     ,s',7(  ////(// ;  Formation  of  Certain  Compound  I'roleins       169 

surinised  I'roiii  tin;  i)os.sible  rt-latiuu  of  thu  histoiius  to  tlie  prota- 
mines that  globin  might  also  unite  with  other  proteins  to  form 
compounds.  He  prepared  globin  easeinate  and  determined  its 
refractive  index  in  N/10  KOII  solution.  Later  Oay  and  Rohcrt- 
son"-''  studied  its  antigenic  properties. 

It  will  be  noted  thai  in  the  work  recorded  pi'ci-ipitatiiiii  of  the 
compound  took  place  in  neutral  or  alkaline  .solutions,  although 
Kossel'-'-''  states  that  a  nuclein  may  be  formed  in  acid  solution  from 
the  combination  of  nucleic  acid  and  protein.  Altmanu""  had 
previously  observed  that  pi'oteins  could  combine  in  acid  solution 
and  iMilroy'""  ju-epared  a  nundier  of  protein-nucleic  acid  com- 
pounds. .\o  observation.s  have  apparently  been  made  to  deter- 
mine the  true  acidity  (oi-  alkalinity)  of  the  protein  solutions  used 
or  of  the  mixture  when  precipitation  of  the  compound  took  place. 
The  conditions  for  precipitation  must  be  such  that  salting  out 
of  either  of  the  proteins  by  inorganic  salts  formed  during  the 
i-eaction  must  not  take  place  and  the  acidity  of  the  solution 
nuist  be  sneli  that  the  coni]iouiid  ])rotein,  if  formed,  will  not  be 
dissolved. 

In  the  i)resent  work  use  of  the  gas-chain  has  been  made  to 
follow  the  clumge  of  acidity  (or  alkalinity)  of  the  solution  during 
the  precipitation  of  a  compound  protein  to  distinguish,  if  pos- 
sible, salting  out  of  either  protein  from  true  compound  precipita- 
tion. Determination  of  the  exact  hydrogen  ion  concentration 
.serves  as  a  criterion  for  the  duplication  of  any  work  in  the  pre- 
paration of  compound  proteins,  since  it  appears  that  the  exact 
acidity  (or  alkalinity)  is  a  very  important  factor  in  the  pre- 
paration of  such  eomjionnds. 

Use  of  the  hydrogen  electrode  has  been  made  by  a  large 
number  of  ob.servers.  Bcittger""  made  use  of  the  gas-chain  to 
determine  the  neutral  point  in  the  titration  of  acids  and  bases. 
The  use  of  the  hydrogen  electrode  for  such  jiurpo.ses  has  been 
emphasized  by  Hiklebrand.'"-  who  points  out  its  many  applica- 
tions in  the  analytical  field.  Salm.'"''  determining  the  LI*  con- 
centrations in  various  phosphate  mixtures,  was  able  to  prepare 
a  scale  of  indicators  for  the  colorimetric  estimation  of  H*  and 
OH"  concentrations.  Schmidt  and  Finger'"''  showed  that  .solu- 
tions of  definite  H"^  and  OH"  concentrations  may  be  made  bv 
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using  mixtures  ol'  various  borates.  They  al.so  point  out  that  from 
the  shape  of  the  titration  curve  the  existence  of  a  compound  in 
solution  may  be  determined.'"^"  Thus  they  confirmed  observa- 
tions made  by  various  other  methods  by  Noyes  and  ^Yhitney,"'•'• 
Kahlenberg  and  Schrciner.'""  and  Shelton'"'  that  a  compound 
NaHoBO..,.  or  the  anhydride  XaH()„.  or  the  corresponding  ions 
H0BO3  and  BO2  exist  in  solution.  Tammann'""  and  others  have 
made  use  of  cooling  curves  to  determine  the  existence  of  com- 
pounds in  alloys.  In  the  field  of  protein  chemistry  much  use  has 
also  been  made  of  tlic  hydrogen  electrode.  Thus  Robertson'"" 
used  it  to  determine  the  dissociation  of  .serum  globulin  at  varyinsr 
hydrogen  ion  concentrations,  and  the  dissociation  of  potassium 
caseinate""  and  ovomucoid"'  at  varying  alkalinities.  Robertson 
and  Schmidt"-  were  able  to  follow  the  change  of  alkalinity  which 
took  place  during  the  progress  of  tryptic  digestions  of  certain 
proteins.  The  many  u.ses  of  the  hydrogen  electrode  are  set  forth 
in  monograplis  by  -Michaelis"^  and  Sorensen."-'* 

The  plan  of  these  experiments  was  to  determine  the  II*  and 
OH"  concentrations  in  a  solution  of  protein  a.  Definite  amounts 
of  either  a  solution  of  protein  b  or  an  inorganic  salt  used  to 
precipitate  protein  n  from  its  solution,  were  then  added  to  the 
solution  of  protein  a.  The  H*  concentration  was  then  determined 
in  the  solution  of  protein  a  after  each  addition  of  the  solution  of 
protein  b.  A  titration  curve  can  thus  be  plotted,  using  cubic 
centimeters  of  solution  b  as  ordinates  and  the  resultant  H*  or 
OH"  concentration  as  abscissae.  In  this  way  a  titration  curve  is 
obtained  similar  to  tliose  described  by  Bottger.'"'  Schmidt  and 
Finger,'"^  and  Hildebrand.'"" 

The  method  used  to  determine  the  H"^  concentrations  was 
essentially  the  same  as  that  used  by  Robertson,'""  and  Robertson 
and  Schmidt,"^  and  described  by  Schmidt  and  Finger,'"^  and 
Robertson."*  Hydrogen  was  generated  by  the  electrolysis  of  a 
6  per  cent  (by  volume)  solution  of  concentrated  H2SO4  and 
passed  over  heated  platinized  asbestos  to  rid  it  of  any  oxygen 
or  oxygen  compounds.  The  hydrogen  then  passed  through  the 
solution  at  two  points,  through  a  nozzle  at  the  bottom  of  the 
cell  and  through  a  Cottrell  gauze  electrode.""  In  this  way  the 
three   phases,   platinum,   hydrogen,   and  solution   were   brought 
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into  intimate  contact.  A  calomel  electrode,"'"  using  N/10  KCl, 
was  used  as  the  other  extremity  of  the  chain.  The  apparatus 
is  shown  in  tignre  1.  A  is  the  gauze  electrode  dippine;  into  the 
solution  contained  in  cell  B,  D  a.  beaker  containing  N/10  KL'l, 
and  F  the  calomel  electrode.  Connection  with  cell  B  is  made  by 
means  of  an  agar  tube  saturated  with  KCl,  which  eliminates 
contact  potential."'"*  To  eliminate  contamination  of  the  solution 
in  cell  B,  the  stop-cock  connecting  the  side  arm  with  tlie  cell  was 
kept  closed  except  during  the  measurement  of  the  potential,  and 
likewise  the  agar  tube  was  dipped  into  the  solution  in  the  side 
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A,  Platinum  gauze  electrode.  V,  Beaker  with  N/10  KCl. 

B,  Titration  cell.  E,  Separatory  funnel  with  N/10  KCl. 

C,  Agar  tube  saturated  with  KCl.      F,  N/10  KCl-HgCl-Hg  electrode. 

arm  only  while  readings  were  being  taken.  Tlirough  a  hole  in 
the  stopper  of  cell  B  any  amimnt  of  a  solution  h  could  he 
introduced.  ^Measurement  of  the  potential  was  made  on  a  lUO- 
centimeter  bridge,  using  a  sensitive  Leeds  and  Northrup  gal- 
vanometer (kindly  loaned  by  the  Physics  Department)  as  zero 
instrument.    Three  Edison-Lalande  cells  connected  in  series  fur- 


*  This  may  not  be  strictly  true,  but  since  we  are  not  concerned  with 
absolute  values  but  merely  with  changes  in  voltage,  this  factor  mav  be 
neglected. 


1 72       Ciiircrsifij  of  California  Publications  in  I'lillinlogij    [Vol.  2 

iiishcd  current  tlirouKli  the  jxiteiitidineter  wire  and  the  E.  M.  F. 
was  eheeked  against  a  Weston  eel!  after  eaeh  reading.  The 
protein  solutions  a  and  h,  as  well  as  the  gauze  eleetrode 
were  sejtarately  .saturated  with  hydrogen  before  i)ringing  them 
together,  the  necessity  for  this  having  been  sluiwn  by  Robert- 
son"" and  by  Desha  and  Acree."*  Hydrogen  was  allowed  to 
bubble  through  the  solution  from  forty-five  to  sixty  minutes 
before  determining  the  E.  M.  P.,  and  this  was  likewise  done  after 
eaeh  addition  of  solution  /).  All  determinations  were  made  at 
room  temperature.  To  prevent  foaming  a  few  drops  of  oetyl 
alcohol  were  floated  on  the  surface  of  the  solution  in  B  after  the 
introduction  of  the  electrode.  The  H*  and  OH"  concentrations 
corresponding  to  the  E.  il.  F. 's  were  taken  from  tables  previously 
calculated  by  Schmidt."" 

Since  it  is  not  feasible  to  determine  IP  or  OH"  concentra- 
tions in  ammoniacal  solutions  by  means  of  the  gas-chain,  the 
experiments  were  made  with  compounds  of  globin.  As  stated 
by  Bang"''  and  Kobertson.'''^  precipitation  of  the  compound  pro- 
tein takes  place  in  slight  excess  of  NaOH  or  KOH.  Globin  was 
prepared  according  to  a  modification  of  the  method  deserilK'cl 
by  Robertson. '="  Two  preparations  were  made,  one  precipitated 
by  NII^Cl  from  an  ammoniacal  solution  and  the  other  by  alcohol 
and  ether  from  HCl  solution.  The.se  correspond  to  Preparations 
I  and  II  described  by  Robertson.  Preparation  II  is  soluble  in 
water  without  addition  of  acid  or  alkali.  The  casein  employed 
was  Eimer  and  Amend 's  ("naeh  Hammarsten")  which  had  been 
further  purified  according  to  Robertson.^-^  Deuteroalbumo.se  was 
made  from  Witte's  peptone  as  described  by  Kutscher."*  The 
nucleic  acid  was  a  preparation  extracted  by  Dr.  A.  E.  Taylor 
from  the  .sperm  of  the  Pacific  Coast  salmon  (probably  according 
to  the  method  of  Altmann"'-').  Bile  salt  was  prepared  from  ox 
bile  according  to  the  method  of  Platfner.'-- 

The  following  is  a  tabular  representation  of  the  results  ob- 
tained in  the  experiment.  In  the  tir-st  column  are  given  the 
volumes  of  the  titrating  solution  b  which  were  added  to  a 
given  amount  of  solution  a.  The  second  column  shows  the 
E.  M.  F.  determined  after  the  establishment  of  equilibrium.  The 
H+  and  OH"  concentrations  corresponding  to  the  E.^I.  F.'s  are 
given  in  the  next  two  columns.     In  the  last  column  are  given  the 
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calculated  possible  errors  in  deterininiiif;  the  II*  concentration  on 
the  assumption  that  tlie  (leteriniiiatioii  of  the  E.  .M.  F.'s  was 
accurate  to  a  millivolt. 

Curves  showing  either  the  ehanjre  in  the  II'  oi'  the  OH"  con- 
centration which  took  place  during  the  titration  as  determined 
by  experiment  are  plotted  and  given  below.  These  will  be 
referred  to  as  titration  curves.  The  first  experiments  were 
carried  out  to  determine  what  effect  was  produced  on  the  H"^ 
concentration  by  simple  dilution  and  by  salting  out  with  those 
salts  which  might  be  formed  as  intermediate  products  of  the 
reaction ;  so  that,  if  possible,  a  distinction  between  salting  out 
and  true  protein  compoinid  formation  might  be  made.  The 
results  are  given  in  tables  I,  II,  and  III  and  are  .shown  graphi- 
cally in  figure  2.     The  change  in  H*  concentration  is  a  direct 
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Figure  2 


TABLE  I 

TlTR.\TIOX  OF  ALK.II.INE  GUIBIX    (PREPARATION    I)    SOLUTION   WITH  'WATER 

Concentration  of  globin,  0..57f .    0.2.5  gm.  fjlobin  dissolved  by  8  c.c. 

0.1  N  KOH,  then  titrated  back  with  7  c.c.  0.1  N  HCl. 

r>0  C.C.  globin  solution  titrated.     No  precipitate  produced. 

Possible  error 


H;0 

added 
c.c. 

0 

E.  M.  F. 
volls 

0.861 

Cone.  H+ 
0.80  X  10-9 

Cono.  OH- 
0.80  X  10-3 

in  determining 
Cone.  H* 

±0.06  X  10-9 

1 

.856 

.98  X  10-» 

.6,5  X  10-5 

.08  X  10-9 

5 

.850 

.12  X  10-8 

5.3     X  10-0 

.01  X  10-s 

10 

.842 

.17  X  10-8 

3.8    X  10-8 

.01  X  10-8 

1.5 

.830 

.28  X  10-8 

2.3    X  10-0 

.03  X  10-8 

20 

.827 

.31  X  10-s 

2.1     X  10-0 

.02  X  10-8 

25 

.825 

.34  X  10-s 

1.9     X  10-0 

.03  X  10-8 
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TABLK  ir 

Titration-  of  Alkaline  Globin  (Preparation  I)  Solution  with  a 

Saturated  Solution  of  KCl. 
Concentration  of  globin,  O.o%.    0.2.')  gm.  globin  dissolved  by  8  c.c 

0.1  N  KOH,  then  titrated  back  with  7  c.c.  0.1  N  HCl. 

oO  c.c.  globin  solution  titrated.     Precipitate  produced. 


KCl 
solution 
added 
c.c. 

0 

E.  M.  F. 
volts 

0.867 

Couc.  H+ 

o.e.'i  X  io-i> 

Cone.  OH- 
1.0     X  lO-'. 

Possible  error 

in  determining 

Cone.  H* 

±0.05  X  10-0 

1 

.8.59 

.87  X  lO-ii 

.74  X  10--. 

.07  X  10-» 

2 

.8.59 

.87  X  10-0 

.74  X  10-5 

.07  X  10-0 

3 

.853 

.11  X  10-s 

.5.8    X  10-« 

.01  X  10-8 

4 

.847 

.14  X  10-9 

4.6     X  10-8 

.01  X  10-8 

5 

.842 

.17  X  10-8 

.3.8     X  10-8 

.01  X  10-3 

6 

.837 

.21  X  10-s 

.S.l     X  10-8 

.02  X  10-8 

7 

.834 

.24  X  10-8 

TABLE 

2.7     X  10-8 

;  in 

.02  X  10-8 

Titration  op  Alkaline  Globin  (Prep.\ration  I)  Solution  with  a 
0.25  PER  cent  Solution  op  NH.Cl. 

Concentration  of  globin,  0.5%.    0.25  gm.  globin  dissolved  by  8  c.c. 
0.1  N  KOH,  then  titrated  back  with  7  c.c.  O.l  N  HCl. 
50  e.e.  globin  solution  titrated.    Precipitate  produced. 


NH.Cl 
solution 
added 
c.c. 
0 

E.  M.  F. 
volts 

0.927 

Cone.  H* 
0..58  X  10-10 

Cone.  OH- 
1.1     X  10-* 

Possible  error 

in  determining 

Cone.  H* 

±0.05  X  10-10 

.5 

.911 

.11  X  10-0 

5.8     X  10-5 

.01  X  10-0 

1.0 

.893 

.22  X  10-9 

2.9     X  10-5 

.01  X  10-0 

1.5 

.874 

.48  X  10-0 

1.3    X  10-5 

.04  X  lO-o 

2.0 

.869 

.58  X  10-0 

1.1     X  10-5 

.04  X  10-0 

2.5 

.868 

.61  X  10-0 

1.1     X  10-5 

.05  X  10-0 

3.0 

.857 

.94  X  10-0 

.68  X  10-5 

.07  X  10-0 

3.5 

.859 

.87  X  10-0 

.74  X  10-5 

.07  X  lO-o 

4.5 

.848 

.13  X  10-8 

4.9    X  10-8 

.01  X  10-8 

5.5 

.843 

.17  X  10-8 

3.9    X  10-8 

.02  X  10-8 

7.5 

.835 

.23  X  10-8 

2.8    X  10-8 

.02  X  10-8 

9.5 

.831 

.27  X  10-8 

2.4    X  10-8 

.03  X  10-8 

14.5 

.819 

.43  X  10-8 

1.5     X  10-8 

.03  X  10-8 

function  of  the  titrating  .solution  and  the  eiirve.s  are  straight 
lines,  despite  the  fact  that  with  both  NH^Cl  and  KCl  a  pre- 
cipitate is  obtained.  In  these  instances  we  apparently  have 
either  a  purely  physical  phenomenon  or  a  chemical  one  which 
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involves  no  sudden  chaii'i:!'  in  the  IT  cDiiccntratidn  surh  as  to 
give  a  hivak  in  tlic  curve.  Tlir  pi'vriiiitat  inn  of  [iroteins  by 
inorganic  salts  has  been  studied  extensively  by  Ilardy,""  Pauli. '-■''■ 
ITofnieister,'-''  Galeotti.'-''  iind  many  dthcrs.  and  is  discussed  at 
length  by  Robertson.' '■* 

'i'bi'  titration  <it'  ii'liil)iii  in  arid  an<i  alkali  snlutiiiiis  by  alkali 
and  acid  respectively  was  next  studied.  For  this  purpose,  Fre- 
jiaration  I.  dissolved  b^-  a  small  amount  of  alkali,  and  Preparation 
11.  wliich  is  water-soluble  and  aeid  in  reaction,  were  used. 
During  the  titration  the  protein  was  precipitated  and  redissolved 
by  excess  of  acid  or  alkali  respectively.  The  results  are  given 
in  tables  IV  and  V  and  the  changes  in  H*  and  OH"  concentra- 
tions gra|>liically  represented  in  figures  3  and  -t.  Since  these 
reactions  involve  direct  changes  in  li*  and  OH"  concentrations 
and  true  compounds  between  protein  and  acid  and  alkali  are 
formed,  we  obtain  curves  differing  from  those  in  which  .salting 
out  of  protein  has  taken  place.     The  titration  curves  of  acid  and 
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TABLE  IV 

Titration  op  Acid  (Ilobin   (Preparation  II)  Solution  with 

0.025  N  NaOH. 

Conepntriition  of  globin,  0.2%.    (ilobin  dissolved  in  water  without 

addition  of  acid  or  alkali. 

50  c.c.  fflobin  solution  titrated.     Precipitate  jiroduced  wliiih 

dissolved  in  excess  of  alkali. 


NnOH 
Eolution 
added 
c.c. 

E.  M.  F. 
volts 

Cone.  H* 

Cone.  OH- 

Po.ssil)le  error 

in  determining 

Cone.  H- 

0 

0.4S»<) 

0.15  X  10-2 

4.3     X  10-12 

±0.01  X  10-2 

2 

.534 

.37  X  10-3 

1.7     X  10-11 

.02  X  10-3 

.3 

.578 

.64  X  10-* 

1.0     X  10-10 

.04  X  10-* 

4 

.632 

.75  X  10-5 

.86  X  10-3 

.03  X  10-5 

5 

.662 

.23  X  10-5 

2.8     X  10-9 

.01  X  10-5 

6 

.757 

.51  X  10-7 

1.3    X  10-7 

.02  X  10-7 

7 

.840 

.19  X  10-8 

3.5    X  10-6 

.01  X  10-s 

8 

.893 

.22  X  10-8 

2.9    X  lO-' 

.01  X  10-9 

10 

.941 

.33  X  lO-io 

2.0    X  lO-* 

.01  X  10-10 

12 

.961 

.15  X  lO-io 

4.3     X  10-* 

.01  X  10-10 

15 

.979 

.72  X  10-11 

.89  X  10-3 

.03  X  10-11 

19 

.989 

.48  X  10-11 

1.3     X  10-3 

.02  X  10-11 

27 

l.OOo 

.26  X  10-11 

2.5    X  10-3 

.01  X  10-11 

TABLE  V 

Titration  of  .\lkaline  Globin   (Prepar.\tion  I)  Solution  with 

0.025  N  HCl. 

Concentration  of  jjlobin,  0.2%.    GloV)in  dissolved  in  2  c.c.  0.1  N  XaOH, 

titrated  back  with  1.5  c.c.  0.1  N  HCl. 

50  c.c.  globin  solution  used  for  titration.     Precipitate  produced  which 

dissolved  in  excess  of  acid. 


HCl 

solution 
added 
e.c. 

E.  M.F. 
volts 

Cone.  H* 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H* 

0 

0.959 

0.16  X  10-10 

4.0     X  10-4 

±0.01   X  10-10 

2 

.920 

.76  X  10-10 

.84  X  10-* 

.03  X  lO-io 

3 

.870 

.56  X  10-9 

1.2     X  10-5 

.02  X  10-9 

5 

.747 

.76  X  10-T 

.85  X  10-7 

.03  X  10-7 

7 

.609 

.19  X  10-* 

3.4    X  10-10 

.02  X  10-* 

10 

.525 

.53  X  10-3 

1.2    X  10-11 

.02  X  10-3 

15 

.490 

.22  X  10-2 

3.0    X  10-12 

.01  X  10-2 

20 

.487 

.24  X  10-2 

2.6     X  10-12 

.01  X  10-2 

alkaline  globin  are  very  similar  to  the  titration  eurve  of  hydro- 
i-hloric  acid  by  sodium  hydroxide  given  by  Bottger""  and  cited 
by  Hildebrand,'"-  except  that  a  different  nentral  point  is  obtained. 
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This  is  til  be  expected,  since  glohin  can  act  cither  as  an  acid  or 
a  base.  Thus  in  titrating  acid  ghibin  witli  ali<ali,  on  ap|)roaching 
the  neutral  point,  globin  will  become  acid  and  will  neutralize 
alkali.  The  sudden  shift  in  the  slope  of  the  curve  near  the 
neutral  point  indicates  c()nij)ound  formation  and  serves  as  a 
criterion  for  the  determination  of  conipouud  formation,  whether 
the  compound  is  precipitated  or  remains  in  solution.  This  will 
be  shown  even  better  in  other  curves.  That  the  first  part  of  the 
curve  is  not  a  straight  line  but  appears  to  be  so  since  the  changes 
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TABLE  VI 

TiTR.\TioN  OP  Alkaline  Globin    (Preparation"   I)    Solutiox  with   a 
Solution  of  Casein  (Neutral  to  Phenolphthlein). 

Concentration  of  globin,  0..5%.  0.2.5  gm.  globin  dissolved  by  8  c.c.  0.1  N 
KOH,  then  titrated  back  with  6.9  c.c  0.1  N  HCl.  Concentration  of  casein 
in  titrating  solution,  0.5%.  0.25  gm.  casein  dissolved  by  4  c.c.  0.1  N 
KOH,  then  titrated  back  with  2  c.c.  0.1  N  \\V\.  50  c.c.  globin  solution 
titrated.     No  precipitate  produced. 


Casein 
solution 
added 

E.  M.  F. 

Cone.  H* 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H* 

c.c. 

volts 

0 

0.894 

0.21  X  10-9 

3.0 

X  10-5 

±0.02  X  10-9 

.5 

.892 

.23  X  10-» 

2.8 

X  10-5 

.02  X  10-9 

1.5 

.888 

.27  X  10-9 

2.4 

X  lO-'. 

.02  X  10-9 

2.5 

.883 

.33  X  10-9 

i.n 

X  10-'. 

.02  X  10-9 

3.5 

.880 

.38  X  10-9 

1.7 

X  lo--. 

.03  X  10-9 

8.5 

.869 

.58  X  10-9 

1.1 

X  10--. 

.04  X  10-9 

13.5 

.861 

.80  X  10-9 

.80  X  10-5 

.06  X  10-9 

18.5 

.848 

.13  X  10-s 

4.S 

X  10-« 

.01  X  10-^ 

23.5 

.836 

.22  X  10-s 

3.0 

X  lO" 

.02  X  10-8 

28.5 

.825 

.34  X  10-8 

1.9 

X  10.0 

.03  X  10-8 
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TABLE  VII 

Titration  of  Alkaline  Globin  (Preparation  I)  Solution  with  a 

Solution  of  Casein  (Neutral  to  Litmus). 

Concentration  of  jrlobin,  0.5%.    0.25  gm.  globin  dissolved  by  8  c.c. 
0.1  X  KOll,  then  titrated  back  with  7.1  c.c.  0.1  X  HCl. 
50  c.c.  globin  solution  titrated.     Concentration  of  casein  in  titrating  solu- 
tion,  0.5%.       0.25  gm.   casein   dissolved   by   3  c.c.    0.1  X    KOU,   then 
titrated  back  with  1.5  c.c.  0.1  X  HCl.     Slight  precipitate  produced. 


Casein 
solution 
added 
c.c. 

E.  M.  F. 
volts 

Conr.  H* 

Cone.  011- 

Possible  error 

in  determining 

Cone.  H- 

0 

0.843 

0.17  X  10-8 

3.9     X  10-ii 

±0.02  X  10-s 

1 

.833 

.24  X  10-s 

2.6    X  10-« 

.01  X  10-s 

2 

.831 

.26  X  10-s 

2.4    X  10-0 

.02  X  10-8 

3 

.821 

.40  X  10-8 

1.6    X  10-« 

.03  X  10-s 

4 

.820 

.41  X  10-s 

1.6    X  10-6 

.03  X  10-s 

5 

.818 

.45  X  10-s 

1.4    X  10-8 

.04  X  10-s 

10 

.804 

.78  X  10-s 

.82  X  10-e 

.06  X  10-8 

15 

.803 

.81  X  10-8 

.79  X  10-8 

.06  X  10-s 

25 

.801 

.88  X  10-s 

.73  X  10-8 

.07  X  10-s 

in  H*  or  OH"  eoneeutratioiis  are  small  as  compared  with  the  rest 
of  the  curve,  is  shown  on  magnifying  the  first  portion  of  the 
titration  curve. 

As  previously  stated,  both  Bang  and  Robertson  obtained  com- 
pounds of  globin  and  casein  which  they  state  were  precipitated 
in  alkaline  solution.  On  attempting  to  duplicate  this  work,  no 
precipitate  wa.s  obtained,  though  a  compound  between  globin  and 
casein  is  formed  as  shown  by  the  data  in  tables  VI  and  VII  and 
represented  graphically  in  figure  5.  The  compound  is  apparently 
soluble.  However,  on  titrating  an  acid  solution  of  globin  with 
a  solution  of  ca.sein  (neutral  to  phenolphthalein)  a  precipitate 
was  obtained  and  the  titrating  curve  (see  data  in  table  VIII 
and  figure  (5)  shows  that  a  compound  was  formed.  Apparently 
Robertson  had  used  Glohin  Preparation  II.  which.  l)eing  pre- 
cipitated from  an  acid  solution  by  alcohol  and  ether,  was  the  acid 
compound  of  globin;  and  by  di.ssolving  in  weak  alkali,  Robertson 
had  merely  partly  neutralized  the  acid  combined  witli  the  globin 
(not  enough  to  cause  precipitation  of  the  globin)  so  tliat  his 
solution  was  still  acid,  instead  of  alkaline  as  one  is  led  to  believe 
from  his  description.     This  was  likewise  true  of  the   work  of 
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Bailor,  who  prepai'ed  globin  aeconliiif,'  t<i  tlic  iiictlioii  of  Sdiul/,.'-" 
Determination  of  the  initial  acidity  of  the  <;iohin  solution  woiilil 
have  served  as  a  criterion  for  tlir  (lu|)lii'atioii  of  the  woi'k. 


Tilrdlicn     of    a  :id     globin      iolul  an     wiLh      ccu.eir 


(XlO'Otl) 


Increase  OM'  concenlrallcn 

Fifrure  G 


TABLE  VIII 

Titration  of  Acid  Globin   (Preparation  TT)  Solution  with  a 

Solution  op  Casein. 

Concentration  of  globin,  0.2%.     Globin  dissolved  in  water  and  1  o.e.  0.1  N 

NaOH  added.     Concentration  of  casein  (neutral  to  plienolphthalein), 

0.5%.    50  CO.  globin  solution  titrated.     Precipitate  produced. 


Casein 
solution 
added 
c.c. 

E.  M.  F. 
volts 

Cone.  H* 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H* 

0 

0.5.52 

0.18  X  10-1 

3.5     X  10-11 

±0.01  X  10-3 

1 

.577 

.67  X  10-t 

.96  X  10-10 

.03  X  10-4 

2 

.609 

.lil  X  10-1 

3.4     X  10-10 

.01  X  10-1 

4 

.614 

.15  X  10-1 

4.2     X  10-10 

.01  X  10-4 

6 

.623 

.11  X  10-4 

6.0     X  10-10 

.01  X  10-4 

8 

.637 

.61  X  10-5 

1.1     X  lO-'J 

.03  X  lO--' 

11 

.650 

.36  X  10-5 

1.8     X  10-'.i 

.02  X  10-5 

16 

.685 

.90  X  10-8 

.71   X  10-9 

.04  X  10-8 

21 

.707 

.37  X  10-« 

1.7     X  10-8 

.03  X  10-8 

Gloliin  also  forms  coni]»oiiiids  with  iiiich'ic  acid  and  taiiro- 
eholie  acid,  precipitation  takiiijr  jilacc  in  an  acid  solution.  The 
titraticm  curve  of  globin  with  nucleic  acid  (see  table  IX  and 
figure  7)  is  very  similar  to  that  obtained  on  titration  of  acid 
globin  with  casein.  The  titration  curve  of  acid  globin  with  bile 
salts  (see  tables  X  and  XI.  and  figure  8)  shows  a  sharp  break 
at  the  point  where  the  compound  protein  starts  to  precipitate, 
and  the  slope  of  the  curve  changes.    This  is  to  be  expected  since 
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TABLE  IX 

Titration  op  Acid  Globin  (Preparation  II)  Solution  with  a 
Solution  of  Sodium  Nucleate. 
Concentration  of  globin,  0.2%.    Globin  dissolved  in  water  witiiout  addition 
of  acid  or  alkali.     Concentration  of  nucleic  acid,  0.4%.     Nucleic  acid 
previously   neutralized    by    NaOH.      50  c.c.   globin    solution    titrated. 
Precipitate  produceil. 


Sodium 
nucleate 
solution 
added 
c.c. 

E.  M.  F. 
volts 

Cone.  H- 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H» 

0 

0.488 

0.2.3  X  10-2 

2.8 

X  10-12 

±0.01   X  10-2 

2 

.486 

.25  X  10-2 

2.5 

X    10-12 

.01  X  10-2 

4 

..504 

.12  X  10-= 

5.2 

X  10-'  = 

.01  X  10-2 

8 

.525 

.53  X  10-^ 

1.2 

X  10-11 

.02  X  10-3 

12 

.536 

.34  X  10-3 

1.9 

X  10-11 

.02  X  10-3 

16 

.560 

.13  X  10--= 

4.9 

X  10-11 

.01  X  10-3 

20 

.572 

.82  X  10-4 

.78  X  lO-io 

.03  X  10-1 

25 

.585 

.4!)  X  10-1 

1.3 

X  10-10 

.03  X  10-1 

Increase  OH"  ccncenlration 

Figure  8 
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TABLE  X 

Titration  of  Acid  Globin  (Preparation  II)  Solution  with  a 
Solution  of  Bile  Salts 

Concentration  of  globin,  0.2%.  Globin  dissolved  in  water  without  addition 
of  acid  or  alkali.  Concentration  of  bile  .salts  in  aqueous  solution, 
0.4%.    Precipitate  produced. 


Bile  salts 
solution 
added 
c.c. 

0 

E.  M.  F. 

volts 

0.484 

Cone.  H* 
0.27  X  lO-s 

Cone.  OH- 
2.3     X  10-12 

Po.ssible  error 

in  determining 

Cone.  H» 

±0.01  X  10-2 

2 

.498 

.16  X  lO--' 

4.1     X  10->  = 

.01  X  10-2 

4 

.503 

.13  X  10-= 

5.0     X  10->= 

.01   X  10-2 

5 

.507 

.11  X  10-= 

.5.9     X  10-12 

.01  X  10-2 

7 

.511 

.93  X  10-1 

.69  X  10-11 

.04  X  10-3 

10 

.508 

.11  X  10-= 

6.1     X  10-1= 

.01  X  10-: 

13 

.512 

.89  X  10-3 

.72  X  10-11 

.04  X  10-3 

16 

.517 

.73  X  10-1 

.88  X  10-11 

.03  X  10-3 

24 

.540 

.29  X  10-"> 

2.2    X  10-11 

.01  X  10-3 

TABLE  XT 
Titration  of  Acid  Globin  (Prep.vration  II)  Solution  with  a 
Solution  of  Bile  Salts 
Concentration  of  globin,  0.2%.    Globin  dissolved  in  water  without  addition 
of  acid  or  alkali.     Concentration   of  bile  salts  in   aqueous  solution. 
0.4%.     Several  drops  0.1  N  NaOH  added  to  the  solution  of  bile  salts 
to  make  it  slightly  alkaline.     Precipitate  produced  during  titration. 


Bile  salts 
solution 
added 
e.c. 

E.  M.  F. 
volts 

Cone.  H* 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H* 

0 

0.515 

0.79  X  10-3 

.81 

X  10-11 

±0.04  X  10-3 

0 

..521 

.63  X  10-3 

1.0 

X  10-11 

.03  X  10-3 

5 

.525 

.53  X  10-3 

1.2 

X  10-11 

.02  X  10-3 

8 

.524 

.55  X  10-3 

1.2 

X  10-11 

.02  X  10-3 

10 

.526 

.51  X  10-3 

1.3 

X  10-11 

.02  X  10-3 

13 

..532 

.40  X  10-3 

1.6 

X  10-11 

.02  X  10-3 

17 

.536 

.34  X  10-3 

1.9 

X  10-11 

.02  X  10-3 

21 

.542 

.27  X  10-3 

2.4 

X  10-11 

.01  X  10-3 

25 

.548 

.21  X  10-3 

3.0 

X  10-11 

.01  X  10-3 

we  are  titrating  with  a  mixture  of  two  salts,  sodium  taurocholato 
and  sodium  orlycoeollate.  Globin  also  forms  a  compound  with 
deuteroalbumo.se.  the  latter  acting  as  a  weak  acid.  The  titration 
curve  (figure  H  and  table  XII)  indicates  the  formation  of  a  com- 
[xiiiiid.  the  jiroportiiMi  being  roughly  two  j>arts  of  uflobin  to  one 
of  albumose. 
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Increase  M"  conrcnlralion 
Figure  9 


TABLE  XTI 

Titration  of  Alkaline  Globin  (Preparation  I)  Solution  with  a 

Solution  of  Deuteroalbumose 

Concentration  of  globin,  0.5%.     0.25  gra.  globin  dissolved  by  8  c.c.  0.1  N 


KOII,  then  titrated  back  with 
Ucnteroalbiimosc,  0.6%.  50  c.c. 
produced. 


7.1  c.c.  0.1  N  HCl.     Concentration  of 
globin  solution  titrated.     Precipitate 


Albumose 
solution 
added 
c.c. 

E.  M.  P. 
volts 

Cone.  H* 

Cone.  OH- 

Possible  error 

in  determining 

Cone.  H* 

0 

0.835 

0.2.3  X  lO-s 

2.8 

X  10-ii 

±0.02  X  10-8 

1 

.813 

..54  X  lO-s 

1.2 

X  10-« 

.04  X  10-8 

2 

.792 

.13  X  10-7 

.5.1 

X  10-7 

.01  X  10-7 

4 

.793 

.12  X  10-T 

5.3 

X  10-7 

.01  X  10-7 

7 

.792 

.13  X  10-T 

5.1 

X    10    7 

.01  X  10-7 

15 

.786 

.16  X  10-' 

4.0 

X  10-7 

.01  X  10-7 

20 

.779 

.21  X  10-7 

3.0 

X  10-7 

.01  X  10-7 

II 

Antigenic  Properties  of  Cert.vin  Compound  Proteins 

The  antigenic  properties  of  two  eomponnd  protein.s — prota- 
mine edestinate  and  globin-albumose — were  studied.  The.se  were 
prepared  as  follows : 

Protamine  sulphate. — In  the  preparation  of  this  substance  the 
method  of  Kossel,'-'  used  by  Taylor,'-*  Robertson,'-''  and  others 
was  followed.  The  ripe  testicles  of  the  Pacific  salmon  were 
minced  and  the  macerated  mass  which  was  thus  obtained  was 
sliaken  up  in  tall  glass  cylinders  with  five  or  six  times  its  volume 
of  distilled  water.     The  thick  suspension  of  sperm   which  was 
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thus  obtained  was  syphoned  off  from  the  subuatant  conneetive 
tissue,  strained  through  eheeseeloth.  and  curdled  by  the  addition 
of  about  80  c.e.  of  M/3  acetic  acitl.  The  curdh'd  mass  of  sperm 
was  then  washed  in  ten  times  its  vohime  of  Do  per  cent  ak'ohol. 
rei)eating  the  washing  twice;  it  was  then  washed  twice  in  the 
same  volume  of  absolute  ether.  The  ether-wet  mass  was  then 
transferred  to  the  incubator  and  dried  over  H^SO^  at  37°  C. 

Each  fifteen  grams  of  the  dried  sperm  was  stirred  up  in 
350  e.c.  of  1  per  cent  (by  volume)  of  cone.  ILSO4  for  about 
six  hours.  The  mixture  was  then  filtered  through  hardened  filter 
paper  and  the  filtrate  obtained  from  the  extraction  of  fifteen 
grams  of  sperm  was  placed  in  a  tall  gla.ss  cylinder  of  about  four 
litres  capacity,  which  was  filled  with  95  per  cent  alcohol.  After 
allowing  the  precipitate  to  settle,  the  supernatant  fluid  was 
syphoned  off.  the  precipitate  contained  in  several  cylinders  was 
collected  into  one  and  this  was  filled  with  absolute  alcohol, 
allowed  to  settle,  the  alcohol  syphoned  off.  and  the  precipitate 
collected  on  hardened  filter  paper.  The  precipitates  from  about 
300  grams  of  sperm  were  dissolved  by  the  addition  of  about  four 
litres  of  hot  water,  (80°  C)  filtered,  and  reprecipitated  by  the 
addition  of  ten  volumes  of  95  per  cent  alcohol.  The  precipitate 
was  washed  twice  by  decantation  with  absolute  alcohol  and  twice 
again  with  absolute  ether.  After  syphoning  off  the  ether,  the 
precipitate  was  collected  on  a  hardened  filter  paper  and  dried 
over  H^SOjin  an  incubator  at  37°  C.  The  product  is  an 
amorphous  white  powder,  which  is  ea.sily  soluble  in  water,  form- 
ing a  clear  solution.  According  to  Taylor'-^  it  has  the  formula 
C3„H,,0„N,, .  2H,S0,. 

Edestin  was  prepared  from  hemp  seed  {Cannabis  sativa) 
according  to  the  method  of  Osborne'^"  as  follows:  Selected  hemp 
seed  was  thoroughly  ground  and  extracted  with  ordinary  ether 
in  an  extractor  already  described  by  the  authcu-.'^^  to  remove  fat 
and  chlorophyll.  This  was  regroimd  several  times,  re-extracted 
and  finally  sieved.  The  fat-free  meal  was  macerated  with  ten 
times  the  amount  of  5  per  cent  NaCl,  expressed  in  cubic  centi- 
meters as  the  weight  of  meal  taken,  kept  at  60°  C  for  one  hour 
and  filtered  in  an  oven  at  40°  C.  The  filtrate  was  allowed  to 
stand  in  the  refrigerator  over  night,  causiug  crystals  of  edestin 
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to  separate.  The  supeinataut  Huid  was  sypliuued  otV  ami  the 
precipitate  redissolved  in  warm  NaCl  solution,  and  again  pre- 
cipitated as  before.  This  was  again  repeated.  The  precipitate 
was  then  washed  by  deeantation  with  CO;,-free  distilled  water, 
keeping  the  temperature  at  ")^  C.  The  deeantation  was  repeated 
with  .■)(•  ])er  cent  aleohnl.  then  with  !).5  per  cent  alcohol,  and 
finally  with  absolute  alcohol  and  ether,  and  dried  over  H08O, 
in  an  incubator  at  37°  C.  The  product  is  a  light,  white,  crystal- 
line powder.  According  to  Osborne  it  has  the  composition 
C  =  51.3.  H  =  6.8.  N  =  18.8,  S  =  .9.  O  =  22.2  and  the  molecular 
weight  is  14..500.  This  preparation  was  also  used  to  determine 
the  refractive  index  constant. '''- 

Protamine  edestinate  was  prepared  essentially  according  to 
Hunter"*  as  follows :  One  gram  of  edestin  was  dissolved  in  20  c.c. 
of  X  10  NH4OH  and  15  c.c.  of  5  per  cent  XaCl,  filtered,  and  to 
the  filtrate  150  c.c.  water  containing  7  c.c.  of  25  per  cent  (by 
volume)  of  concentrated  NH^OH  was  added.  One  gram  of  pro- 
tamine sulphate  wa.s  dissolved  in  100  c.c.  N/10  XH^OH  and 
150  c.c.  5  per  cent  XaCl.  On  mixing  the  two  solutions,  a  white 
floeculent  precipitate  was  formed  which  readily  settled.  This 
precipitate  was  washed  twice  by  decanting  with  a  solution  of 
XH^OH  (1  per  cent  by  volume  of  cone.  XH^OH).  then  twice 
with  absolute  alcohol  and  twice  w-ith  absolute  ether  and  dried 
over  H0SO4  in  an  incubator  at  37°  C.  The  substance  is  a  white 
amorphous  powder,  soluble  in  N/10  NaOH.  From  the  nitrogen 
determination,  the  compound  contains  nine  parts  of  edestin  to 
one  of  protamine. 

Ghthin  was  prepared  according  to  Robertson  V""  modifieation 
of  the  method  of  Schulz  as  follows:  Fresh  defibrinated  ox-blood 
was  centrifuged  and  the  supernatant  serum  removed  by  suction. 
The  suspension  of  corpuscles  was  diluted  to  the  original  volume 
of  blood  by  addition  of  il,  6  Nad  solution,  centrifuged,  and  the 
supernatant  fluid  removed  by  .suction.  This  was  repeated  six 
times.  After  the  last  centrifugalization  (half  an  hour)  as  much 
supernatant  fluid  as  possible  was  removed.  The  thick  suspension 
of  corpuscles  was  laked  by  addition  of  ten  times  its  volume  of 
distilled  water  and  allowed  to  stand  over  night  to  allow  stromata. 
etc.,  to  settle.    Only  the  upper  half  of  the  fluid  in  the  cylinders 
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was  used  for  the  subst'cjucut  work.  To  each  litre  of  the  eor|)Usele 
solution  was  added  22  e.e.  of  concentrated  HCl  (Sp.  G.  1.18), 
the  mixture  shaken  and  one  litre  of  other  added  (note  that  the 
l)r()per  aiiioniit  of  aeid  to  be  added  at  this  point  is  important;  it 
should  t)e  determined  for  each  lot  of  haemoylohin  solution')  and 
the  mixture  asrain  shaken.  On  eentrifugiiig  (slow  speed)  two 
layers  were  formed,  an  upper,  jelly-like,  dark-colored  emulsion, 
and  a  lower,  brown,  aqueous  solution.  The  upper  layer  was 
removed  by  suction  and  carefully  shaken  .several  times  with  a 
25  per  cent  (by  volume)  solution  of  alcohol  in  ether,  the  lower 
layer  being  removed  in  a  separatory  funnel  after  each  addition  of 
the  alcohol-ether  mixture.  (During  the  process  of  extraction 
by  ether,  care  must  be  taken  to  prevent  emulsification.  The 
mixtures  should  not  be  shaken  too  hard.)  The  aqueous  layer  was 
diluted  to  ten  times  its  volume  by  distilled  water  and  concentrated 
XIl/)!!  added  to  just  redis.solve  the  precipitate  which  is  formed. 
On  nearly  neutralizing  this  ammonia  with  HCl.  globin  wa.s  again 
precipitated.  After  standing  over  night,  the  precipitate  was 
washed  successively  with  di.stilled  water,  95  per  cent  alcohol, 
absolute  alcohol,  and  ether  and  dried  over  ILSO^  in  an  incubator 
at  37°  C.  The  product  is  a  light,  yellowish,  amorphous  powder, 
.soluble  in  N/10  HCl  or  N'/IO  NaOH. 

Dnilcnialhumosf  was  prepared  from  Witte's  peptone  aceoi'd- 
ing  to  the  method  of  Kutscher"*  as  follows:  To  100  grams  of 
Witte's  peptone  were  added  800  c.c.  of  2  per  cent  HCl  and  the 
mixture  heated  in  an  Arnold  sterilizer  for  six  hours.  The  hot 
solution  was  saturated  with  XaCl  and  allowed  to  stand  over  night. 
causing  a  black,  gunnny  substance  to  separate,  which  was  filtered 
off.  The  filtrate  was  made  neutral  to  litmus  with  XaOH  and 
saturated  while  boiling  with  (XH4)2S04.  From  the  boiling  mix- 
ture, deuteroalbumose  slowly  .separates  and  can  be  removed  with 
a  stirring  rod.  The  deuteroalbumose  was  redissolved  in  distilled 
water  and  again  precipitated  by  (XH^I.^SO,.  To  remove 
(NHJ,S04,  a  slight  excess  of  Ba(OH)„  was  added  to  the  aqueo\is 
solution  of  deuteroalbumose,  and  the  BaS04  removed  by  filtra- 
tion. The  filtrate  was  concentrated  and  the  slight  excess  of 
barium  precipitated  as  the  carbonate  (by  passing  CO.^  through 
the  solution),  and  filtered  off.     On  addition  of  a  large  volume  of 
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!)5  jM'r  ci'iit  alcohol,  ili'iitcnialliuiiiiise  was  prfoijjitatud  in  large 
floeeules  which  settle  very  quickly.  The  precipitate  was  further 
washed  by  decanting  with  large  volumes  of  absolute  alcohol  and 
ether  respectively,  filtered  and  dried  over  H^SO^  in  an  incubator 
at  37°  C.  The  product  is  a  slightly  colored  light  powder  very 
soluble  in  water. 

(ihihiii-alhumose  componnd  was  prepared  as  follows:  Ten 
grams  of  globin  were  dissolved  in  50  c.e.  of  N/10  NaOII  and 
diluted  to  two  litres.  N/10  HCl  was  then  added  to  neutralize 
the  excess  alkali  without  precipitating  the  globin.  This  gives  an 
alkalinity  of  about  3  x  10""  OH^.  Five  grams  of  deuteroalbnmose 
were  dissolved  in  a  litre  of  distilled  water  anil  added  to  the 
solution  of  globin.  A  precipitate  is  immediately  formed  whicli 
quickly  settles.  This  was  successively  washed  by  decanting  with 
distilled  water,  95  per  cent  alcohol,  absolute  alcohol  and  absolute 
ether,  filtered  and  dried  over  H^SO^  in  an  incubator  at  37°  C. 
The  product  is  a  light-colored  amorphous  j)ow(1er.  solubU'  in 
alkali.  That  a  true  compound  is  formed  is  shown  by  the  pre- 
viously cited  titration  curve. 


Pix.vTiox  Experiments  witji  Protamine  Edestin.vte  .\nd 

ITS  Immune  Serum 

Rabbits  were  given  repeated  intravenous  injections  of  pro- 
tamine sidphate.  of  edestin.  or  of  protamine  edestinate.  and  bled 
eight  (lays  later.  The  serum  was  removed  by  centrifuging.  in- 
activated for  one-half  hour  at  56°  C  and  subsequently  used  for 
the  fixation  experiments. 

Injections  were  made  into  rabbits  as  follows:  No.  821  was  given  suc- 
cessive intravenous  injections  of  10,  20,  and  20  milligrams  of  a  solution 
of  protamine  sulphate  in  M/6  NaCl  on  alternate  days  and  five  days  later 
given  three  more  injections  of  20  milligrams  each  on  alternate  days. 

Rabbit  822  was  given  similar  injections  of  10  milligrams  on  three 
alternate  days  and  after  five  days  given  three  more  injections  of  10,  10 
and  20  milligrams  on  alternate  days. 

Rabbit  817  was  given  three  intravenous  injections  of  20  milligrams 
each  of  edestin  dissolved  in  M/6  NaCl  plus  several  drops  of  N/10  NaOH, 
on  alternate  days  and  five  days  later  given  three  more  injections  of  30, 
30  and  50  milligrams  on  alternate  days. 
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Rabbit  818  was  ■^iven  three  siiiiilar  intravenous  injeL-tions  of  20,  30 
and  40  niillifirains,  each  of  eilestin  on  alternate  ilays  and  five  days  later 
given  three  more  injections  of  40,  oO  and  50  milligrams  on  alternate  days. 

Rabbit  819  was  given  three  intravenous  injections  of  20  milligrams 
each  of  protamine  edestinate  dissolved  in  M/6  NaCl  plus  several  drops 
of  N/IO  NaOH  on  alternate  days.  The  compound  protein  is  much  more 
insoluble  than  edestin,  so  that  the  protamine  edestinate  was  partially  in 
suspension.  Five  days  later  30,  .50,  and  50  milligrams  respectively  were 
injected  on  alternate  da^-s. 

Rabbit  820  received  three  similar  injections  of  10,  20  and  20  milli- 
grams of  the  compound  protein  on  alternate  days  and  five  days  later 
again  injected  with  20,  20  and  30  milligrams  on  alternate  days. 

Alexin  fixation  experiments  were  then  earried  out  witii  the 
.sera  from  the  above  animals  and  al.so  with  the  sei'uni  of  a  normal 
control  animal.  The  criterion  for  complete  fixation  was  taken 
as  absence  of  hemolysis  after  one  hour  at  37°  C.  and  standing 
over  nitrlit  in  the  ice  chest. 


1/10  e.c.  821  822 

antigren  .inti-  anti- 

of  1-2500  protamine  protamine 

solution"*  serum  serum 


Protamine 
sulphate 

Edestin 


Protamine 
edestinate 


Negative      Negative 
.01  c.c         .01  e.c. 


817 

818 

819 

820 

anti- 

anti- 

anti- 

anti- 

Normal 

edestin 

edestin 

compound 

compound 

serum 

serum 

serum 

serum 

serum 

Negative 
.01  c.c. 

Negative 
.01  c.c. 

Negative 
.01  c.c. 

Positive 

Positive 

Positive 

Positive 

Negative 

.0012  c.c. 

.0016  c.c. 

.0012  c.c. 

.0012  c.c. 

.01  c.c 

Positive 

Positive 

Negative 

.0012  c.c. 

.0008  c.c. 

.01  c.c. 

*  This  is  one-quarter  of  the  minimum  iniuhiting  dose. 

Antigens — (a)   Protamine  sulphate,  1-2500  in  M/6  NaCl. 
(1/10  c.c.)  (b)   Kdestin,  1-2500  in  M/6  NaCl  plus  slight  excess  of  NaOIT. 
((■)   Protamine  edestinate,  1-2500  in  M/6  NaCl  plus  slight 
excess  of  NaOH   (partial  suspension). 
Alexin — 2/10  c.c  of  5  per  cent  mixed  guinea-pig  serum  in  M/6  NaCl. 
Hemohitic  siistem — A  10  per  cent  suspension  of  washed  sheep  corpuscles 
sensitized  with  an  equal  volume  of  1-600  hemolysin  used  in  a  dosage  of 
2/10  c.c.     This  is  equivalent  to  1/10  c.c.  of  a  10  per  cent  suspension  sensi- 
tized with  1%  hemolytic  units. 


Experiments  were  also  made  to  determine  whethei-  the  anti- 
body to  protamine  edestinate  was  due  to  the  edestin  hound  in  the 
compound  protein  or  whether  it  also  gave  rise  to  another  antibody 
for  itself.  Two  cubic  centimeters  each  of  serums  Nos.  819  and 
820  were  mixed  with  an  equal  volume  of  a  suspension  of  25  mg. 
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edestiu  iu  .M/6  NaC'l.  Tliese  iiiixtiiri's  wci'i'  sliaUi'u  and  in- 
cubated for  one  hour  at  37°  C,  then  thoroughly  eeutrifuged  and 
the  clear  serum  removed.  Alexin  fixation  experiments  were  then 
carried  out  in  a  similar  manner  as  previously  described,  using 
cdestin  and  protamine  cdcstinatc  as  antigens.  'Ilic  results  were 
negative,  even  in  serum  dilutidns  as  low  as  .02  per  cent.  Tlie 
unity  of  the  antibody  is  apparent.  This  is  in  agreement  with  the 
work  of  Gay  and  Robertson  on  protamine  caseinate. 

The  substance  is  non-toxic :  a  guinea-pig  was  given  KM)  milli- 
grams intraperitoneally.    No  symptoms  were  shown. 


Fixation  Experiments  with  Globin-Albumo.se  L'umpouxd 

Rabbits  were  given  repeated  intravenous  injections  of  globin, 
of  albumose,  or  of  globin-allinmose  comi)ountl,  respectively,  ac- 
cording to  the  following  protocol,  and  bled  ten  days  later.  The 
serum  was  inactivated  for  one-half  hour  at  56°  C  and  used  Uw 
fixation  experiments. 

Rabliit  No.  Ti'T  was  given  intravenous  injections  of  I.')  niilligranis  of 
acid  jjlobin  dissolved  in  M/6  NaC'l,  for  three  successive  days  and  five  days 
later  three  more  injections  of  20  milligrams  each  on  successive  days. 

Rabbit  SOO  was  given  intravenous  injections  of  20,  40,  0,  40  milligrams 
of  globin  dissolved  in  M/6  NaCl  plus  small  excess  of  NaOH,  and  two  days 
later  given  three  injections  of  40  milligrams  each  on  successive  days. 

Rabbit  796  was  given  50  milligrams  of  deuteroalbumose  in  M/6  XaCl, 
intravenously,  on  three  successive  days  and  five  days  later  this  was 
repeated. 

Rabbit  799  was  given  intravenous  injections  of  \'i,  20  and  20  milli- 
grams each  of  globin-albumose  compound  in  M/6  NaCl  plus  small  excess 
of  NaOH,  on  succesive  days  and  .5  days  later  given  two  injections  of 
20  milligrams  each,  on  alternate  days. 

Rabbit  798  was  given  two  injections  of  20  milligrams  each  on  succes- 
sive days  and  six  daj's  later  was  given  three  injections  of  20  milligrams 
each  on  successive  days. 

Cross-fixation  experiments  were  then  carried  out  in  a  similar 

manner  as  previously  descril)ed.      The  antigens  were  used  in  a 

1-200  dilution  as  follows: 

1/10  c.c.  deuteroalbumose  in  M/6  NaCl. 

1/10  CO.  globin   (two  different  preparations)   in  M/6  NaCl  plus  small 
excess  of  NaOH. 
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]/10c.c.  acid  globin  (jiartly  neutralized  by  NaOH)  in  M/6  NaCl. 

1/10  c.c.  Globin-idlnuiKisc  coiiijioiiiiil  hi  jr/6  NaCI  plus  small  excess  of 
NaOlI. 

Note. — Acid  globin  when  used  in  too  high  concentrations  will  dissolve 
red  corpuscles.  In  lower  dilutions  it  causes  hemagglutination.  Partial 
neutralization  overcomes  this. 

Xo  fixation.s  of  alexin  wore  obtained  in  any  of  the  series,  even 
wlicn  diiiitidns  as  low  as  1  to  10  of  .senun  were  used.  This  con- 
hrnis  the  ohservalioiis  of  Gay  and  Robertson  and  eontradiets 
that  of  Browninpr  and  Wilson, '•'■'  who  report  po.sitive  re.snlts  with 
globin  olitaincd  from  tlie  heiiioy:lol)in  of  guinea-pigs.  There  is 
no  reason  for  a.ssuiiiing  that  globin  obtained  from  different  species 
is  ehemically  different,  hence  it  seems  probable  that  the  produc- 
tion of  antibodies  in  animals  immiuiized  with  globin  as  reported 
by  Browning  and  Wilson  was  due  to  impurities  in  the  prepara- 
tion. Gay  and  Robertson  were  unable  to  sensitize  animals  for 
the  anafjliylaxis  reaction  and  tests  with  guinea-pigs  show  that 
the  substance  is  toxic. 

Globin-albumose  compound  is  toxic  on  initial  injection ;  the 
compounding  of  globin  with  albumose  has  apparently  not  made 
the  compound  less  toxic  than  globin.  The  following  experiments 
.show  this : 

(1)  Guinea-pig  B  was  given  10  milligrams  of  a  slightly  alkaline  solu- 
tion of  globin  (prepared  as  in  other  experiments)  intracardially.  The 
animal  died  in  about  five  minutes. 

(2)  Guinea-pig  C  was  given  2\<2  milligrams  of  the  same  globin  prepara- 
tion intracardially.  The  animal  showed  symptoms  of  partial  paralysis 
but  recovered. 

(3)  Guinea-pig  D  received  10  milligrams  of  globin-albumose  compound 
(prepared  as  in  previous  ex]ieriments)  intracardially.  Death  resulted  in 
two  minutes. 

(4)  Guinea-pig  E  was  given  5  milligrams  of  globin-albumose  compound 
as  in  the  above  experiment.     The  animal  showed  irritation  but  recovered. 

Deuteroalburaose  does  not  give  a  precipitin  reaction  with  its 
antiserum,  neither  does  it  intoxicate  or  cause  anaphylaxis  in  a 
sensitized  animal.     This  is  shown  in  the  following  experiments : 

Rabbit  737  was  given  three  intravenous  injections  of  100  milligrams 
each  on  three  succesive  days  and  five  days  later  this  was  repeated.  The 
animal  was  bled  ten  days  later,  the  serum  inactivated  at  56°  C,  and  pre- 
cipitin tests  carried  out.     The  results  were  negative. 

Guinea-pig  A  was  given  90  milligrams  of  deuteroalbumose  iutraperi- 
toneallj'  and  four  weeks  later  another  intraperitoneal  injection  of  200 
milligrams.    No  symptoms  were  shown. 


190       University  of  California  Publications  in  I'afhohxjij    [Vol.  2 

Summary 

1.  Tlie  literature  on  the  nature  of  the  specificity  of  such 
immune  reactions  as  the  precipitin,  anaphylaxis  and  alexin  fixa- 
tion has  been  reviewed. 

2.  Two  general  methods  have  been  followed  in  attacking  the 
problem  of  the  nature  of  biological  specificity:  (a)  the  analytical 
method,  by  which  workers  have  attempted  either  to  separate  the 
sensitizing  or  intoxicating  fractions  of  proteins  or  sera,  or  to  use 
pure  proteins,  closely  related  biologically,  which  were  found  to 
give  group  reactions,  showing  that  the  specificity  is  dependent  on 
certain  groups  in  the  molecule  which  may  be  common  to  a  number 
of  closely  related  proteins;  (ft)  the  synthetic  method,  whereby 
compounds  of  pure  protein — antigenic,  non-toxic,  with  non-anti- 
genic,  toxic  ;  or  non-antigenie,  toxic,  with  non-toxic,  non-antigenic 
are  made.  Such  combinations  give  a  new  substance  which  may 
be  toxic  or  non-toxic,  antigenic  or  urin-antigenic.  either  for  itself 
or  for  either  or  both  of  the  proteins  used  to  Iniild  up  the  com- 
pound. 

3.  Following  the  latter  plan  of  work,  it  was  found  to  be  neces- 
sary to  study  the  reaction  which  takes  place  when  two  proteins 
unite  to  form  a  compound  protein. 

4.  Use  of  the  gas-chain  has  been  made  to  follow  tlie  changes 
in  the  H*  and  OH"  concentration  in  titrating  acid  and  alkaline 
-solutions  of  globin  with  solutions  of  other  proteins  and  of  pre- 
cipitating inorganic  salts. 

5.  Titration  curves  showing  the  changes  in  H*  and  Oil"  con- 
centration during  titration  have  been  plotted. 

6.  These  titration  curves  indicate  that  true  protein  compounds 
of  globin  are  formed,  .some  of  which  may  precipitate  at  a  proper 
acidity  or  alkalinity  while  others  may  be  soluble. 

7.  A  distinction  can  be  made  by  means  of  the  gas-chain  be- 
tween the  salting  out  of  globin  from  solution  by  inorganic  salts 
and  the  precipitation  of  a  compound  protein. 

8.  Determination  of  the  H*  or  OH"  concentration  in  protein 
solutions  used  in  the  jireparation  of  compound  proteins  serve  as 
a  criterion  for  the  duplication  of  such  work. 

9.  The  antigenic  properties  of  two  eompound  proteins — pro- 
tamine   edestinate    and    globin-albumose    compound — have    been 
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studied.  It  was  found  that  protamine  edestinate  is  non-toxic, 
and  antijrenie  for  itself  (due  to  its  edestiu  content)  and  ede.stiii. 
l)ut  not  for  protamine,  this  being  in  agreement  with  the  results 
obtained  by  Gaj'  and  Kobertson  with  protamine  easeinate. 
Globiu-albumose  compound  is  non-antigenic,  either  for  itself  or 
for  either  globin  or  deuteroalbumose.    The  compound  is  toxic. 

I  am  indebted  to  Professors  F.  P.   Gay  and   T.   ]?railsford 
Robertson  for  their  helj)  and  advice  given  throughout  this  work. 

Transmitted  April  14,  1916. 
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A  LARGE  FAT  EXTRACTOR 

liy   Cari.   L.    .-V.    SCHMIPT 
Received  December  11.  1915 

Nearly  aU  the  types  of  fat  extractors  which  have 
been  described  have  been  designed  for  the  purpose 
of  quantitatively  determining  fat  in  some  particular 
substance  rather  than  merely  freeing  a  substance  of 
its  fat  content  so  that  the  fat-free  residuum  may  be 
used.  The  quantitative  determination  of  fat  can 
usually  be  made  on  a  comparatively  small  sample 
and  for  such  purposes  the  various  types  of  fat  extrac- 


F.\T  E.XTRACTINC  APPARATUS  ('/s  ACTUAL  SiZE) 

tors  on  the  market  are  well  adapted.  But  when  the 
fat  from  several  pounds  of  material  must  be  extracted, 
as  is  generally  the  case  in  the  preparation  of  vegetable 
proteins,    in    order    to    obtain    even    a    comparatively 

(i) 


smaH  yield  of  protein,  recourse  is  generally  had  to 
some  home-made  type  of  fat  extraction  apparatus, 
since  there  are  no  extractors  on  the  market  adapted 
for  this  particular  purpose. 

Benson  and  Thompson'  have  described  an  extrac- 
tor used  by  them  in  extracting  tannin  from  sawdust. 
A  somewhat  similar  apparatus  was  used  by  C.  H. 
McCharles,  of  this  University,  for  the  eitraction  of 
fat  from  vegetable  substances  used  in  the  prepara- 
tion of  pure  proteins.  I  have  made  an  extractor 
similar  in  principle  by  using  a  filtering  bell  jar  and 
the  top  of  a  vacuum  desiccator,  both  having  ground 
glass  joints.  But  a  ground  glass  joint,  even  when 
clamped,  will  not  prevent  leakage  of  ether  vapor. 
The  apparatus  described  below  has  mercury  seals  at 
all  connections,  thus  preventing  any  leakage  of  ether 
vapor.  In  addition  to  its  use  in  extracting  fat  from 
several  pounds  of  material,  the  apparatus  may  be 
used  in  the  recovery  of  the  ether  used  in  the  extrac- 
tion and  it  is  even  adapted  for  the  distillation  of  an- 
hydrous ether. 

The  extraction  apparatus  consists  essentially  of 
two  parts,  a  large  glass  distilling  flask,  F,  and  the  ex- 
tractor AB,  the  latter  made  of  heavy  glass.  The  upper 
part,  A,  of  the  extractor,  fits  into  a  groove,  F,  which 
can  be  filled  with  mercury,  thus  insuring  an  ether- 
tight  seal.  The  other  joints,  /,  m,  n,  o,  are  likewise 
made  ether-tight  by  means  of  mercury  seals.  The 
material  to  be  extracted  is  put  in  a  large,  hardened 
filter  paper  shaped  into  a  bag  and  placed  in  B,  the  bot- 
tom of  the  bag  resting  on  a  small  porcelain  filter  plate. 
Vapor  from  the  boiling  ether  in  F  will  pass  through 
the  tube  E  and  be  condensed  at  A ,  dripping  on  the 
substance  in  B.  When  the  ether  in  B  has  reached 
the  height  of  the  tube  H  it  will  siphon  back  into  the 
flask  F,  provided  a  small  constriction  be  made  in  the 
glass  tube  at  P.  The  ether  used  in  the  extraction 
may  be  recovered  by  distilling  into  B  and  draining 
through  the  stopcock  5.  It  may  be  of  advantage  to 
insert  a  glass  siphon  into  the  flask  F  which  will  elim- 
inate the  trouble  of  disconnecting  the  flask  to  remove 
the  fatty  residuum.  Action  of  ether  on  the  corks 
/,  m,  n  may  be  prevented  by  coating  them  with  gela- 
tine or  glue. 

Rudolph  Sprgckels  Physiological  Laboratory 
University  of  California.  Berkeley 
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AN  ELECTRICALLY  HEATED  VACUUM  DESICCATOR.* 

By  T.   BRAILSFORD  ROBERTSON   .\xd  C.\RL   L.   A.   SCHMIDT. 

{From  the  Department  of  Biochemistry  and  Pharmacology,  Rudolph  Spreckeh 

Physiological   Laboratory,    University  of  California,    and   the   Hearst 

Laboratory    of   Pathology   and   Bacteriology,    University    of 

California,  Berkeley.) 

(Received  for  publication,  September  27,  1916.) 

In  preparing  certain  biochemical  products  it  is  frequently 
desirable  to  emploj'  a  desiccator  of  large  capacity,  capable  of 
evacuation  and  of  being  heated  and  maintained  at  a  predeter- 
mined temperature.  The  various  forms  of  apparatus  available 
on  the  market  are  either  of  verj^  small  capacity  or  else  expensive 
and  deficient  in  the  range  and  adjustability  of  the  temperatures 
employed.  We  accordingly  have  had  constructed  for  our  use 
the  apparatus  described  below,  which  is  of  large  capacit}^  readily 
accommodating  a  filter  fimnel  9  inches  in  diameter  containing  a 
50  cm.  filter  paper.  It  maintains  a  vacuum  for  several  hours  and 
may  be  held  with  considerable  precision  at  any  desired  tempera- 
ture within  a  wide  range.  If  desired,  a  vessel  containing  sul- 
furic acid  or  other  desiccating  reagent  may  be  placed  on  the 
floor  of  the  apparatus  and  false  bottoms  or  shelves  may  be  fixed 
at  any  desired  height  above  the  reagent.  With  the  aid  of  this 
apparatus,  emplojdng  certain  obvious  precautions,  tethelin  sus- 
pended in  alcohol-ether  mixture  may  be  completely  dried  with- 
out discoloration  at  36°C.  within  6  hours,  j^et  this  substance  is 
so  exceedingly  hygroscopic  that  a  few  minutes'  exposure  to  the 
air  of  the  room  suffices  to  convert  it  into  a  deeply  colored,  sticky 
mass.' 

The  apparatus  consists  of  a  double  walled  circular  copper 
(ys  inch  sheet  copper)  chamber,  well  insulated  by  asbestos  and  set 
in  a  monel  metal  shell.     This  chamber  can  be  closed  at  th?  top 

*  Aided  in  part  bj'  a  grant  from  the  George  Williams  Hooper  Founda- 
tion for  Medical  Research. 

'  Robertson,  T.  B.,  J.  Biol.  Chem.,  1916,  x.\iv,  409. 
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Fig.  1.     An  electrically  heated  vacuum  desiccator.     Scale  i. 
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by  a  tight  fitting  cast  aluininuin  lid  which  can  be  screwed  down 
by  means  of  three  screws  (S).  A  rubber  gasket  in  the  notched 
space  (N)  makes  the  compartment  air-tight.  The  chamber  is 
evacuated  by  attaching  a  vacuum  pump  to  the  cock  (C)  and  the 
vacuum  so  obtained  can  readily  be  maintained  for  some  time 
after  the  cock  is  closed.  The  desired  temperature  in  the  evac- 
uated chamber  is  maintained  by  the  heated  vapor  of  dichloro- 
methane  (boiling  point  40°C.)  which  fills  the  space  between  the 
two  copper  walls,  heat  being  furnished  by  eight  25  watt  nichrome 
heating  elements,  connected  in  parallel  and  placed  around  the 
pocket  (L).  Each  heating  element  is  in  turn  connected  to  a 
small  platinum-tipped  brass  spring  (B)  which  makes  contact 
with  a  platinum  point  set  on  the  ring  (A).  In  tliis  way  one  or 
more  of  the  heating  elements  can  be  used  as  needed. 

Temperature  control  is  maintained  by  means  of  the  sprung 
copper  disc  (D).  Wlien  heat  is  applied  to  the  liquid  dichloro- 
methane  in  (L),  vapor  is  formed  which  will  exert  a  pressure  on 
the  copper  disc  (D),  tending  to  force  it  downward.  This  disc 
in  turn  presses  against  the  pin  (P)  which  when  forced  down- 
ward will  cause  the  contact  between  (A)  and  (B)  to  be  broken. 
In  this  way  any  or  all  of  the  heating  elements  (H)  are  switched 
in  or  off  as  needed  to  maintain  a  constant  vapor  pressure  and 
temperature  in  the  double  Walled  space  surrounding  the  cham- 
ber. By  shifting  the  weight  (W),  tension  on  the  disc  (D)  may 
be  increased  or  decreased  and  the  temperature  in  the  chamber 
varied  (witliin  a  certain  range)  at  will.  By  selecting  liquids 
having  a  boihng  point  higher  than  that  of  dichloromethane  the 
temperature  range  may  also  be  varied.  Heating  of  the  cham- 
ber by  means  of  the  vapor  of  a  volatile  liquid  assures  a  uniform 
distribution  of  heat. 

On  using  the  apparatus  for  the  first  time  the  needle  valve  (V) 
is  opened  to  allow  air  to  escape  and  closed  again  when  dichloro- 
methane vapor  begins  to  escape.  This  assures  the  space  being 
filled  solely  with  dichloromethane  vapor.  To  fill  or  drain  the 
liquid  in  (L)  a  drain  plug  (E)  is  provided.  To  insure  rigidity  and 
tightness,  the  walls  are  thoroughly  braced  and  reinforced  and 
all  joints  are  silver-soldered. 

The  apparatus  was  constructed  by  Mr.  A.  J.  Kercher  of 
Berkeley  and  embodies  several  of  his  own  inventions. 
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CHANGES  IN  THE   H+  AND  0H~    CONCENTRATION 

WHICH  TAKE  PLACE  IN  THE  FORMATION 

OF  CERTAIN  PROTEIN  COMPOUNDS. 

By  carl  L.  a.  SCHMIDT. 

(From  the  Rudolph  Spreckels  Physiological  Laboratonj  of  the.  Universily  of 
California,  Berkeley.) 

(Received  for  publication,  February  2G,  1916.) 

It  has  been  known  for  some  time  that  certain  proteins  com- 
bine with  other  proteins  to  form  compound  proteins.  Kossel' 
states  that  the  protamines  in  wealch-  alkaline  solutions  combine 
with  proteins  to  form  compounds  which  precipitate  under  propei- 
conditions.  Kutscher,"  working  with  albumoses  obtained  from 
Witte's  peptone  prepared  compounds  not  onlj'  with  protamine 
but  also  with  various  other  proteins.  While  studj'ing  the  prop- 
erties of  the  histones,  Bang''  was  able  to  confirm  the  observations 
of  Kutscher  and  fiu'ther  showed  that  various  members  of  this 
group  combine  with  proteins  to  form  compounds.  Kossel  anil 
Kutscher''  surmised  that  histones  (on  account  of  the  high  content 
of  basic  sub.stances)  might  be  a  combination  of  protamine  with 
other  proteins  but  later  Kossel  and  Pringle'  showed  that  this  view 
was  incorrect  since  in  the  first  step  in  the  peptic  digestion  of 
histones,  histopeptone  is  formed,  whereas  protamine-proteiii 
combinations  are  spUt  into  protamine  and  ijrotein.  Hunter'' 
prepared  a  number  of  compounds  of  protamine  with  various  pro- 
teins, such  combinations  as  clupein-casein,  clupein-gelatin,  and 
clupein-edestin  being  obtained.  He  further  determined  the  pro- 
portion of  the  two  substances  which  unite  to  form  the  compound 
protein.    Gay  and  Robertson,"  studying  the  antigenic  properties  of 

'  Kossel,  A.,  Deutsch.  med.  Woch.,  1S94,  xx,  147. 
^  Kutscher,  F.,  Z.  physiol.  Chem.,  1897,  .\xiii,  115. 
'  Bang,  I.,  Z.  physiol.  Chem.,  1899,  x.xvii,  463. 

*  Kossel,  A.,  and  Kutscher,  F.,  Z.  physiol.  Chem.,  1900-01,  xxxi,  1(55. 
°  Kossel,  A.,  and  Pringle,  11.,  Z.  physiol.  Chem.,  1906,  xlix,  .'iOl. 
'■  Hunter,  A.,  Z.  physiol.  Chem.,  1907,  liii,  526. 
'  Gay,  F.  P.,  and  Robertson,  T.  B.,  J.  Exp.  Med.,  1912,  xvi.  479. 
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compound  proteins,  prepared  the  compound  protamine  (salmine) 
caseinate.  Robertson/  unaware  of  the  work  of  Bang,  surmised 
from  the  possil)lc  relation  of  the  histones  to  the  protamines  that 
y;l()l)in  iniffht  also  unite  with  other  proteins  to  form  comi)ounds. 
He  prepared  globin  caseinate  and  determined  its  refractive  index 
in  9.1  N  KOH  solution.  Later  Gay  and  Robertson"  studied  its 
antigenic  properties. 

It  will  be  noted  that  in  the  work  recorded  precipitation  of  the 
compound  took  place  in  neutral  or  alkaline  solutions,  although 
Kossel'  states  that  a  nuclein  may  l^e  formed  in  acid  solution  from 
the  combination  of  nucleic  acid  and  protein.  Altmann'"  had 
previously  observed  that  proteins  could  combine  in  acid  solution 
and  Milroy"  prepared  a  number  of  protein-micleic  acid  com- 
pounds. Apparently  no  observations  have  imeii  made  to  deter- 
mine the  true  acidity  (or  alkalinity)  of  the  protein  solutions  used 
oi'  of  the  mixture  when  precipitation  of  the  compound  took  place. 
The  conditions  for  precipitation  must  be  such  that  salting  out  of 
either  of  the  proteins  by  inorganic  salts  formed  during  the  reac- 
tion must  not  take  place  and  the  acidity  of  the  solution  must 
be  such  that  the  compound  protein,  if  formed,  will  not  be 
dissolved. 

In  the  present  work  use  of  the  gas  chain  has  been  made  to  fol- 
low the  change  of  acidity  (or  alkalinity)  of  the  solution  during 
the  precipitation  of  a  compound  protein  to  distinguish,  if  po.s- 
sible,  salting  out  of  either  protein  from  true  compound  precipi- 
tation. Determination  of  the  exact  hydrogen  ion  concentration 
serves  as  a  criterion  for  the  duplication  of  any  work  in  the  prepa- 
ration of  compound  proteins,  since  it  appears  that  the  exact 
acidity  (oi'  alkalinity)  is  a  very  important  factor  in  the  i)repara- 
tion  of  such  compounds. 

Use  of  the  hydrogen  electrode  has  l^een  made  by  a  large  number  of  ob- 
servers. Bottger'-  made  use  of  the  gas  chain  to  determine  the  neutral 
point  in  the  titration  of  acids  and  bases.     The  use  of  the  hydrogen  elec- 


s  Robertson.  T.  B.,  ./.  «/of.  Chem.,  1912-13.  xiii.  499. 

'  Gay  and  Robertson,  J.  Exp.  Med.,  191.3,  xvii,  535. 
'»  ,\ltmann,  R.,  Arch.  Anat.  u.  PhijsioL.  Plui-^iol.  Aht.,  1S89,  524. 
>'  .Vlilroy,  T.  H,,  Z.  physiol.  Chem.,  1896-97,  xxii,  .W". 
'-  Biittfjer,  W.,  Z.  phi/xik.  Chem.,  1897,  xxiv,  2,53. 
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trode  for  such  purposes  has  been  emphasized  by  Hildebrand,'^  who  points 
out  its  many  applications  in  the  analytical  field.  Salm,"  determining  the 
H'*"  concentrations  in  various  phosphate  mixtures,  was  able  to  prepare  a 
scale  of  indicators  for  thecolorimctric  estimation  of  H'''  and  OH-  con- 
centrations. Schmidt  and  Finger'*  showed  that  sohition.s  of  definite  H"*" 
and  OH-  concentrations  may  be  made  by  using  mixtures  of  various  bo- 
rates. They  also  point  out  that  from  the  shape  of  the  titration  curve 
the  existence  of  a  compound  in  solution  may  be  determined.  Thus  they 
confirmed  observations  made  by  various  other  methods  by  Noyes  and 
Whitney,"  Kahlcnberg  and  Schreiner,'^  and  Shelton"  that  a  compound 
XaHiBOs,  or  the  anhydride  XaBO.,  or  the  corresponding  ions  HjBOj 
and  BO;  exist  in  solution.  In  the  field  of  protein  chemistry  much  use  has 
also  been  made  of  the  hydrogen  electrode.  Thus  Robertson"  used  it  to 
determine  the  dissociation  of  serum  globulin  at  varying  hydrogen  ion 
concentrations,  and  the  dissociation  of  potassium  caseinatc-"  and  ovomu- 
coid-' at  varying  alkalinities.  Robertson  and  Schmidt--  were  able  to  fol- 
low the  change  of  alkalinity  which  took  place  during  the  progress  of  tryptic 
digestions  of  certain  proteins.  The  many  uses  of  the  hydrogen  electrode 
are  set  forth  in  a  monograph  by  Michaelis." 

The  plan  of  these  experiments  was  to  determine  the  H+  or  OH- 
concentration  in  a  solution  of  protein  "a".  Definite  amounts  of 
either  a  solution  of  protein  "h"  or  an  inorganic  salt  used  to  pre- 
cipitate protein  "a"'  from  its  solution,  were  then  added  to  the 
solution  of  protein  "a".  The  H+  concentration  was  then  deter- 
mined in  the  solution  of  protein  "a"  after  each  addition  of  the 
solution  of  protein  "6".  A  titration  curve  can  thus  be  plotted 
using  CO.  of  solution  "6"  as  ordinates  and  the  resultant  H+  or 
OH"  concentrations  as  abscissae.  In  this  way  a  titration  curve  is 
obtained  similar  to  those  described  bj'  Bottger/-  Sclmiidt  and 
Finger,'"  and  Hildebrand.'' 

"  Hildebrand,  J.  H.,  /.  Am.  Chem.  Soc,  1913,  xxxv,  847. 

'•Salm,  E.,  Z.  Electrochem.,  1904,  x,  341;  Z.  physik.  Chem.,  1907,  Ivii, 
471. 

'5  Schmidt,  C.  L.  A.,  and  Finger,  C.  P.,  J.  phys.  Chem.,  1908,  xii,  406. 
See  also  Hildebrand.  J.  H.,  and  Bowers,  W.  G.,  J.  Am.  Chem.  Soc, 
1916,  xxxviii,  785. 

'«  Noyes,  A.  .\..  and  Whitney,  W.  R.,  Z.  physik.  Chem.,  1894,  xv,  694. 

"  Kahlenberg,  L.,  and  Schreiner,  O.,  Z.  phy.nk.  Chem.,  1896,  xx,  547. 

'»  Shelton,  H.  S.,  Z.  physik.  Chem.,  1903,  xliii,  494. 

"  Robertson,  J.  phys.  Chem.,  1907,  xi,  437. 

"  Robertson,  J.  phys.  Chem.,  1910,  xiv,  528. 

»  Robertson,  J.  phys.  Chem.,  1910,  xiv,  709. 

»  Robertson,  and  Schmidt,  ./.  Hiol.  Chem.,  1908,  v,  31. 

-'  Michaclis,  L.,  Die  Wasserstoffionenkonzentration,  Berlin,  1914. 
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'I'lu;  iiielhod  used  to  delcnuiiie  tlic  H'  coiiceiiliaUuiis  wii? 
essentially  the  same  as  used  by  Robertson^"-'  and  Robertson 
and  Schmidt,--'  and  described  by  Schmidt  and  Finger'^  and  Rob- 
ertson.'-'^ Hydrogen  was  generated  bj-  the  electrolysis  of  a  <) 
per  cent  by  volume  solution  of  concentrated  H2SO4  and  passed 
over  heated  platinized  asbestos  to  rid  it  of  any  oxyscn  or  oxygen 
compounds.  The  hydrogen  then  passed  through  the  solution  at 
two  points,   through  a  nozzle  at  the  bottom  of   the   cell   and 


Fig.  1.  A,  platinum  gauze  electrode;  B,  titration  cell;  C,  agar  tube 
saturated  with  KCl;  D,  beaker  with  0.1  n  KC1;E,  separatory  funnel  with 
0.1  N  KCl;  F,  0.1  N  KCl-HKCl-Hg-clectrode. 


through  a  Cottrell  gauze  electrode.''^  -'  In  this  way  the  three 
phases,  platinum,  hydrogen,  anil  sohition  were  brought  into  inti- 
mate contact.  A  calomel  electrode,'-'^  using  0.1  n  KCM,  was 
used  as  the  other  extremity  of  the  chain.  The  apparatus  is 
shown  in  Fig.  1.  A  is  the  gauze  electrode  dipping  into  the  solu- 

-^  Robertson,  Die  physikalische  Cheniie  der  Proteine,  Dresden.  l'.)V2,  417. 

"  Robertson,  J.  phi/s.  Chem.,  1907,  xi,  442.  Loomi.s,  N.  E.,  Dissertation. 
Johns  Hopkins  Univ.,  1911,  22.  Looniis,  N.  F,.,  and  .\itoc,  S.  F.,  Am. 
Chem.  J.,  1911,  xlvi.  002. 

=«  Richards,  T.  \V.,  Z.  jilnisik.  Chmi..  1.S97,  xxiv.  39. 
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tion  contained  in  cell  B,  Da  beaker  containing  0.1  x  KC'l,  and 
F  the  calomel  electrode.  Connection  with  cell  B  is  made  by 
means  of  an  agar  tube  saturated  with  KCl  which  eliminates  con- 
tact potential.-''-^  To  eliminate  contamination  of  the  solution 
in  cell  B,  the  stop-cock  connecting  the  side  arm  with  the  cell  was 
kept  closed  except  during  the  measurement  of  the  potential  and 
likewise  the  agar  tube  was  dipped  into  the  solution  in  the  side 
arm  only  while  readings  were  being  taken.  Through  a  hole  in 
the  stopper  of  cell  B  any  amoimt  of  a  solution  "6"  could  be  intro- 
duced. Measurement  of  the  potential  was  made  on  a  100  cm. 
bridge  using  a  sensitive  Leeds  and  Northrup  galvanometer-'  as 
zero  instrument.  Three  Edison-I.alande  cells  connected  in  series 
furnished  current  through  the  potentiometer  wire  and  the  e.m.f. 
was  checked  against  a  Weston  cell  after  eafh  reading.  The  pro- 
tein solutions  "a"  and  "6"  as  well  as  the  gauze  electrode  were 
separately  saturated  with  hydrogen  before  bringing  them  to- 
gether, the  necessity  for  this  havnng  been  shown  by  Robertson-" 
and  by  Desha  and  Acree."  Hydrogen  was  allowed  to  bubble 
through  the  solution  from  45  to  60  minutes  before  determining 
the  E.M.F. ,  and  this  was  likewise  done  after  each  addition  of 
solution  "V.  All  determinations  were  made  at  room  tempera- 
ture. To  prevent  foaming  a  few  drops  of  octyl  alcohol  were 
floated  on  the  surface  of  the  solution  in  B  after  the  introduction 
of  the  electrode.  The  H+  and  0H~  concentnitions  corresponding 
to  the  E.M.F.'s  were  taken  from  tables  previously  calculated  by 
Schmidt.'! 

Since  it  is  not  feasible  to  determine  H+  or  0H~  concentrations 
in  anunoniaeal  solutions  bj'  means  of  the  gas  chain,  the  experi- 

"  Bjerrum,  N.,  Z.  physik.  Chem.,  1905,  liii,  428.  Loomis,  N.  E.,  Dis- 
sertation, Johns  Hopkins  Univ.,  1911,  34.  Loomis,  N.  E.,  and  Acree, 
S.  F.,  .4m.  Chem.  J.,  1911,  xlvi,  585.  Clark,  F.  W.,  Myers,  C.  N.,  and 
Acree,  S.  F.,  /.  phys.  Chem.,  1916,  xx,  241.  Bjornim,  Z.  Elecfrochem., 
1911,  xvii,  389.  Sec  also  Cumming;,  A.  C,  and  Abegg,  R.,  Z.  Eleclrochem., 
1907,  xiii,  17. 

-'  This  may  not  he  strictly  true,  but  since  we  are  not  concerned  with 
absolute  values  but  merely  with  changes  in  voltage  this  factor  may  be 
neglected. 

-'  Kindly  loaned  by  the  Physics  Department. 

">  Desha,  L.  J.,  and  Acree,  S.  F.,  Am.  Chem.  J.,  1911,  xlvi,  6.38. 

"  Schmidt,  C.  L.  \.,  Univ.  California  Publicalions,  Physiology,  1905-10, 
iii,  101. 
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raents  were  made  with  compounds  of  globiii.  As  stated  by  Bang' 
and  Robertson,'*  precipitation  of  the  compound  protein  takes 
place  in  slight  excess  of  NaOH  or  KOH.  Globin  was  prepared 
according  to  a  modification  of  the  method  described  by  Rol^ert- 
son.'2  Two  preparations  were  made,  one  precipitated  by  NHiCl 
from  an  ammoniacal  solution  and  the  other  by  alcohol  and 
ether  from  HCl  solution.  These  correspond  to  Preparations  I 
and  II  described  by  Robertson.  Preparation  II  is  soluble  in 
water  without  addition  of  acid  or  alkali.  The  casein  employed 
was  Eitncr  and  Amcnd's  ("nach  Hammarsten")  which  had  been 
further  jiurificd  acconhng  to  Robertson.''  Deuteroalbumo.se  was 
made  from  Witte's  peptone  as  described  bj-  Kutscher.^  The 
nucleic  acid  was  a  preparation  e.xtracted  by  Dr.  A.  E.  Taylor 
from  the  sperm  of  the  Pacific  Coast  salmon  (probably  according 
to  the  methotl  of  Altmami).'"  The  bile  salts  were  prejjared 
from  ox  bile  according  to  the  method  of  Plattner." 

The  following  is  a  tabular  representation  of  the  results  ob- 
tained in  the  experiment.  In  the  first  column  are  given  the  vol- 
umes of  the  titrating  solution  "6"  which  were  added  to  a  given 
amount  of  solution  "a".  The  second  column  shows  the  e.m.f. 
determined  after  the  establishment  of  equilibrium.  The  H^  and 
0H~  concentrations  corresponding  to  the  e.m.f.'s  are  given  in 
the  next  two  colunms.  In  the  last  column  are  given  the  calcu- 
lated possible  errors  in  determining  the  H+  concentration  on  the 
assumption  that  the  determination  of  the  e.m.f.'s  was  accurate  to 
a  millivolt. 

Curves  showing  either  the  change  in  the  H"^  or  the  OH"  con- 
centration which  took  place  during  the  titration  as  determined  by 
experiment  are  plotted  and  given  below.  These  will  be  referred 
to  as  titration  curves.  The  first  experiments  were  carrietl  out  to 
determine  what  effect  was  produced  on  the  H+  concentration  by 
simple  dilution  and  by  salting  out  with  those  salts  which  might 
be  formed  as  intermediate  products  of  the  reaction;  so  that,  if 
possible,  a  distinction  between  salting  out  and  true  protein  corn- 
's Robertson,  J.  Biol.  Chem.,  1912-1.3,  xiii,  455. 

"Robertson,  ./.  Biol.  Chcin.,  1006-07,  ii,  :jl7;  ./  phi/s.  Chcm..  1910, 
xiv,  534. 

"  Phittncr,  K.  A..  J.  prahl.  Chem..  1S47,  xl.  129. 
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pound  foniiiilioii  might  be  made.  Tlu;  results  are  given  in  Tables 
1,  II,  and  III  and  shown  graphically  in  Fig.  2.  The  change  in 
H+  concentration  is  a  direct  function  of  the  titrating  solution 
and  the  curves  are  straight  lines,  despite  the  fact  that  with  both 
NHX'l  and  KCl  a  precipitate  is  obtained.  In  these  instances 
wc  apparently  have  either  a  purely  physical  phenomenon  or  a 
chemical  one  which  involves  no  sudden  change  in  the  H+  con- 
centration such  as  to  give  a  break  in  the  curve.  The  precipi- 
tation of  proteins  by  inorganic  salts  has  been  studied  extensively 
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TABLE  I. 
Titraliun  of  Alkaline  Globiti  [Prepnration  I)  Sohdion  with  Water. 
Concentration  of  globin,  0..5  jicr  coiil .     0.25  gm.  gloliin  dissolved  by  8  cc. 


0.1  N  KOH,  then  titrated  back  with  7  cc.  0.1  n  IICl 
tion  titrated.     No  precipitate  produced. 


.50  cc.   globin  .solii- 


HiO  added. 

E.M.F. 

H+ 

on- 

Possible  error 
inH+ 

cc. 

voUs 

0 

O.SGl 

O.SOX  io-» 

0.80X10-5 

±0.06X10-" 

1 

0.856 

0.98X10-= 

0.65X10-5 

0. 08X10-" 

5 

0.8.50 

0.12X10-' 

5.3  XI0-' 

0.01X10-' 

10 

0.842 

0.17X10-» 

3.8  X10-' 

0.01X10-* 

15 

0.830 

0.2SX10-'* 

2.3  X10-' 

0.03X10-S 

20 

0.827 

0  31X10-" 

2.1   X10-= 

0. 02X10-* 

25 

0-.825 

0. 34X10-' 

1.9  X10-= 

0. 03X10-* 
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TAHLio  n. 

Tilralion  of  Alkaline   Glubin    {Preparation   I)   Sulnlion   with  a  Saturated 

Solution  of  KCl. 

Concentration  of  globin,  0.5  per  cent.  0.25  gm.  globin  dissolved  by  8  cc. 
0.1  N  KOH,  then  titrated  back  with  7  cc.  0.1  N  HCl.  50  cc.  globin  solution 
titrated.     Precipitate  produced. 


KCl  solu- 
tion added. 

E.M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

volts 

0 

0.867 

0.fi3X10-» 

1.0  X10-' 

±0.05X10-' 

1 

0.859 

0.87X10-' 

0.74X10-5 

0.07X10-' 

2 

0.859 

0. 87X10-' 

0.74X10-= 

0.07X10-' 

3 

0.853 

0.11X10-' 

5.8  X10-« 

0.01X10-' 

4 

0.847- 

0.14X10-' 

4,6  X10-« 

0.01X10-' 

5 

0.842 

0. 17X10-* 

3.8  X10-« 

0.01X10-' 

6 

0.837 

0. 21X10-' 

3.1  X10-' 

0.02X10-' 

7 

0.834 

0.24X10-' 

2.7  X10-= 

0.02X10-' 

T.\BLE  ni. 

Titrnlion  of  Alkaline  Globin  {Preparation  I)  Solution  ttith  a  0.2B  Per  Cent 
Solution  of  NHiCl. 

Concentration  of  globin,  0.5  per  cent.  0.25  gm.  globin  dissolved  by  8  cc. 
0.1  N  KOH,  then  titrated  back  with  7  cc.  0.1  n  HCl.  50  cc.  globin  solution 
titrated.     Precipitate  produced. 


NH4Clsalu- 
tion  added. 

E.M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

volts 

0 

0.927 

0,58X10-'" 

1.1   X10-* 

±0.05X10-'« 

0.5 

0  911 

0,11X10-' 

5.8  X10-° 

0.01X10-9 

1.0 

0.893 

0.22X10-' 

2.9  XlO-5 

0.01X10-' 

1.5 

0.874 

0.48X10-' 

1.3  X10-=^ 

0.04X10-' 

2.0    . 

0.869 

0. 58X10-' 

1.1   XlO-5 

0.04X10-' 

2.5 

0,868 

0,61X10-' 

1.1  xio-s 

0.05X10-' 

3.0 

0,857 

0.94X10-' 

0.68X10-= 

0.07X10-' 

3.5 

0,859 

0.S7X10-' 

0.74X10-5 

0.07X10-9 

4.5 

0.848 

0.13X10-' 

4.9  X10-= 

0.01X10-' 

5.5 

0,843 

0.17X10-' 

3.9  XlO-5 

0.02X10-' 

7.5 

0.835 

0. 23X10-' 

2.8  XIO-" 

0. 02X10-' 

9.5 

0.831 

0.27X10-' 

2.4  X10-«. 

0  03X10-' 

14.5 

0.819 

0. 43X10-' 

1.5  X10-' 

0.03X10-' 
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by  Hardy ,'^  Pauli,'^"  Hofmeister,''  Galeotti,''  and  many  others, 
and  is  discussed  at  length  bj'  Robertson. '^ 

The  titration  of  globin  in  acid  and  aikah  sohitions  by  alkali  anil 
acid  respectively  was  next  studied.  For  this  purpose  Prepara- 
tion I,  dissolved  by  a  small  amount  of  alkali,  and  Preparation  II, 
which  is  water-soluble  and  acid  in  reaction,  were  used.     During 


Increase  on"  toncenlralion 
Fig.  .3. 


s 

Titration  o 
Imlia.1  tt*  c 

aiKAbne    Slobin 
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globin  solution  =  0 

OZiu  HCl 
16X10" 

""^ 

i 

NcviraJfMint         ^ 

r"        ■ 

«- 

(xio'n') 

Increase    H*    concentration 

Fig.  4. 


the  titration   the   protein   was  i)recii)itafod   and   redissolved   by 
excess  of  acid  or  alkali  respectively.     The  results  are  given   in 


"  Hardy,  W.  B..  ./.  Hliijslol..  li)0.1-()(),  xxxiii,  2")!. 
"■  Pauli,  W.,  Beitr.  chem.  Phijs.  u.  I'nih.,  1!)0(),  vii,  .5.3I. 
"  Hofineister,   F.,  Arch.  exp.  Path.,  1888,   xxiv,  247;  ISSO,  xxv,   1;  1890, 
xxvii,  .395;  1891,  xxviii,  210. 

"«  Galeotti,  G.,  Z.  phij.tiol.  Chem.,  1903  04,  xl,  492;  1904,  xlii,  .330. 

"  Robertson,  Die  physikalische  Cheinic  dor  Proteine,  Dresden,  1912,  84. 
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Tables  IV  and  V  and  the  changes  in  H+  and  0H~  concentra- 
tions graphically  represented  in  Figs.  3  and  4.  Since  these  reac- 
tions involve  direct  changes  in  H+  and  OH"  concentrations  and 

TABLE  IV. 
Titration  of  Acid  Globin   {Preparation  II)  Solution  with  0.025  N  NaOH . 
Concentration  of  globin,  0.2  per  cent.     Globin  dissolved  in  water  with- 
out addition  of  acid  or  alkali.     50  cc.  globin  solution  titrated.     Precipi- 
tate produced  which  dissolved  in  excess  of  alkali. 


NaOH  solu- 
tion added. 

E.U.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

dAU 

0 

0.499 

0. 15X10-- 

4.3  X10-'= 

=■=0.01X10-' 

2 

0.534 

0.37X10-' 

1.7  X10-" 

0. 02X10-' 

3 

0.57S 

0  64X10-* 

1.0  XIO-'" 

0.04X10-' 

4 

0.632 

0.75X10-'' 

0.86X10-' 

0.03X10-' 

5 

0.062 

0.23X10-^ 

2.8  XlO-9 

0.01X10-' 

6 

0.757 

0.51X10-' 

1.3  X10-' 

0. 02X10-" 

7 

0  S40 

0.19X10-* 

3.5  XlO-5 

o.oixio-« 

8 

0.S93 

0  22X10-» 

2.9  X10-' 

0.01X10-' 

10 

0.941 

osaxio-'" 

2.0  X10-* 

0. 01X10-'" 

12 

0.961 

0.15X10-'» 

4.3  X10-' 

0. 01X10-" 

15 

0.979 

0. 72X10-" 

0.89X10-' 

0. 03X10-" 

19 

0.989 

0. 48X10-" 

1.3  X10-' 

0. 02X10-" 

27 

1.005 

0. 26X10-" 

2.5  X10-' 

0  01X10-" 

TABLE  V. 
Titration  of  Alkaline  Globin   {Preparation  I)  Solution  tcith  0.025  N  HCl. 
Concentration  of  globin,  0.2  per  cent.     Globin  dissolved  in  2  oc.  0.1  N 
XaOH,  titrated  back  with  1.5  cc.  0.1  n  HCl.     50  cc.  globin  solution  used 
for  titration.     Precipitate  produced  which  dissolved  in  excess  of  acid. 


HCl  solu- 
tion added. 

E..M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

VltlU 

0 

0.959 

0.16X10-'° 

4  0  X10-' 

±0.01X10-" 

2 

0.920 

0.76X10-'" 

0.84X10-' 

0. 03X10-" 

3 

0.870 

0.56X10-' 

1.2  X10-' 

0.02X10-' 

5 

0.747 

0. 76X10-" 

0.85X10-' 

0.03X10-' 

7 

0.609 

0  19X10-' 

3.4  XIO-'" 

0.02X10-' 

10 

0.525 

0  53X10-= 

1.2  X10-" 

0.02X10-' 

15 

0.490 

0  22X10-= 

3.0  X10-'= 

0.01X10-' 

20 

0.487 

0.24X10-= 

2.6  X10-'= 

0.01X10-' 
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true  compounds  between  protein  and  acid  and  alkali  are  formed, 
we  obtain  curves  differing  from  those  in  which  salting  out  of  pro- 
tein has  taJcen  place.  The  titration  curves  of  acid  and  alkaline 
globin  are  very  similar  to  the  titration  curve  of  hydrochloric  acid 
by  sodium  hydroxide  given  by  Bottger''"  and  cited  by  Hilde- 
brand/'  except  that  a  different  neutral  point  is  obtained.  This 
is  to  be  expected,  since  globin  can  act  either  as  an  acid  or  a  base. 
Thus  in  titrating  acid  globin  with  alkali,  on  approaching  the 
neutral  point,  globin  will  become  acid  and  will  neutralize  alkali. 
The  sudden  shift  in  the  slope  of  the  curve  near  the  neutral  point 
indicates  compound  formation  and  serves  as  a  criterion  for  the 
determination  of  compound  formation,  whether  the  compound  is 
precipitated  or  remains  in  solution.  This  will  be  shown  even 
better  in  other  curves.  That  the  first  part  of  the  curve  is  not  a 
straight  line  but  appears  to  be  so,  since  the  changes  in  H+  or  0H~ 
concentration  are  small  as  compared  with  the  rest  of  the  curve, 
is  shown  on  magnifying  the  first  portion  of  the  titration  curve. 

TABLE  VI. 

Titration  of  Alkaline  Globin  {Preparation  1)  Solution  with  a  Solution  of 
Casein  {Neutral  to  Phenolphlhalein). 
Concentration  of  Klobin,  0.5  per  cent.  0.25  gm.  globin  dissolved  by  8 
cc.  0.1  N  KOII,  then  titrated  back  with  6.9  cc.  0.1  N  HCl.  Concentra- 
tion of  casein  in  titrating  solution,  0.5  per  cent.  0.25  gm.  casein  dis- 
solved by  4  cc.  0.1  N  KOII,  then  titrated  back  with  2  cc.  0.1  N  HCl.  50  cc. 
globin  solution  titrated.     No  precipitate  produced. 


Casein  solu- 
tion added. 

E.M.F. 

H+ 

on- 

Possible  error 
inH+ 

cc. 

vjIIs 

0 

0.894 

0.21X10-' 

3.0  XlO-5 

=tO. 02X10-' 

0.5 

0.892 

0.23X10-9 

2.8  X10-° 

0.02X10-' 

1.5 

0.88S     ■ 

0.27X10-' 

2.4  XIO-^ 

0. 02X10-' 

2.5 

0.883 

0. 33X10-' 

1.9  X10-' 

0.02X10-' 

3.5 

0.880 

0. 38X10-' 

1.7  X10-=' 

0. 03X10-' 

8.5 

0.869 

0.58X10-' 

1.1  X10-' 

0.04X10-' 

13.5 

0.861 

0.80X10-9 

0.80X10-5 

0.06X10-9 

18.5 

0.848 

0.13X10-* 

4.8  X10-= 

0. 01X10-* 

23,5 

0.836 

0.22X10-S 

3,0  X10-« 

0. 02X10-* 

28.5 

0.825 

0.34X10-« 

1.9  X10-» 

0.03X10-' 

*'  Bottger.  W.,  Z.  physiic.  Ckem.,  1897,  xxiv,  281. 

"  Hildobraiul,  .1.  11.,  J.  Am.  Chem.  Soc,  1913,  xxxv.  854. 
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TABLE  Vil. 

Til  rill  inn   of  Allciilinr  Glubin   (I'reimration  I)  Sulullitn   with  n  Sululidii  i\\ 
Casein  (Neutral  to  Litmus). 

(jOiK'ciitnilioii  of  ^lohiii,  O.o  per  cent.  0.25  gin.  gloliin  dissolved  liy  8 
cc.  0.1  N  KOH,  then  titrated  hack  with  7.1  cc.  0.1  N  HCl.  50  cc.  gloi)in 
solution  titrated.  Concentration  of  casein  in  titrating  solution,  0.5  per 
cent.  0.25  gm.  casein  dissolved  by  3  cc.  0.1  n  KOH,  then  titrated  l)ack 
with  1.5  cc.  0.1  N  HCl.     Slight  precipitate  produced. 


Casein  solu- 
tion added. 

E.M.P. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

volts 

0 

0.843 

0.17X10-S 

3.9  X10-= 

±0  02X10-» 

1 

0.833 

0.24X10-« 

2.6  X10-' 

0.01X10-' 

2 

0.S31 

0  2GX10-* 

2.4  XIO-' 

0  02X10-* 

.3 

0.821 

0.40X10-" 

l.G  XIO-' 

0. 03X10-" 

4 

0 .  820 

0  4IX10-S 

1.6  XIO- 

0. 03X10-" 

5 

0  SIS 

0  45X10-« 

1.4  XIO-' 

0. 04X10-" 

10 

0.804 

0.78X10-" 

0.82X10-' 

0.06X10-" 

15 

0.803 

0.  SIX  10-" 

0. 79X10-'' 

0.0f)X10-» 

25 

0,801 

0. 88X10-" 

0.73X10-'' 

0. 07X10-" 

UI5  OiO  0L5  030  055  OtO  015  050  053  0  bO  Qtb  OTO        0  71 
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Fiis.  5. 

As  previously  stated,  both  Bang  and  Robertson  obtained  coni- 
poimds  of  globin  and  casein  which  tliey  state  were  precipitated 
in  alkaline  solution.  On  attempting  to  duplicate  this  work,  no 
precipitate  was  obtained  though  a  compound  between  globin  and 
casein  is  formed  as  shown  by  the  data  in  Tables  VI  and  MI  and 
represented  graphically  in  Fig.  5.  The  compound  formed  is  ap- 
parently  soluble.     However,    on   titrating  an   acid   solution   of 
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globin  witli  ;i  solution  of  casein  (neutnil  to  phenolphthalein)  a 
precipitate  was  obtained  and  the  titratinf;;  curve  (see  data  in 
Table   \'I11  and   Fig.  G)   shows  that  a    compound  was  fornaed. 

TADLE  VIII. 

Titration  of  Acid  Globin  {Preparation  II)  Solution  un'lh  a  Solution  of  Casein. 

Concent  rat  ion  of  globin, 0.2  per  cent.  Globin  di.ssolvecl  inwater  and  1  cc. 
0.1  N  NaUII  added.  Concentration  of  casein  (neutral  to  phenolphthalein), 
0.5  per  cent.     50  cc.  globin  solution  titrated.     Precipitate  produced. 


Casein  solu- 
tion added. 

E.M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

voUt 

0 

0  552 

0.18X10-' 

3.5  X10-" 

=^0. 01X10-' 

1 

0  577 

0. 67X10-' 

0.96XlO-'» 

0.03X10-' 

•) 

0.609 

0.19X10-' 

3.4  XIO-'" 

0.01X10-' 

4 

0  ()I4 

0.15X10-' 

4.2  XlO-'o 

0  01X10-' 

6 

0  t)L'3 

0.11X10-' 

0  0  XIO-'" 

0.0IX10-' 

8 

0  037 

0.61X10-' 

1.1   X10-' 

0.03X10-5 

11 

0  650 

0.36X10-' 

18  X10-» 

0  02X10-5 

16 

0.685 

0.90X10-« 

0.71X10-5 

0.04X10-« 

21 

0.707 

0.37X10-« 

1.7  X10-« 

0.03X10-' 

concenlraUon 


Fig.  6. 

Apparently  Robertson  had  used  filobin  Preparation  II,  which, 
being  precipitated  from  an  acid  solution  by  alcohol  and  ether, 
was  the  acid  compound  of  globin;  and  by  dissolving  in  weak  alkali, 
Robertson  had  merely  partly  neutralized  the  acid  combinetl  with 
the  globin  (not  enough  to  cause  precipitation  of  the  globin)  so 
that  his  solution  was  still  acid,  instead  of  alkaline  as  one  is  led  to 
believe  from  his  description.     This  was  likewise  true  of  the  work 
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of  Baiijf,  wlio  prepared  f;l()biii  according  lo  the  method  of  Schiilz.^- 
Detcniiinatidii  of  (lie  initial  acidity  of  the  globin  sohition  would 
have  served  as  a  criterion  for  the  dupHcation  of  tlie  work. 

TABLE  IX. 
Tilrntion  »/  Acii)  (llnliin   (Prcpnrnlion  II)  Soliidon  with  a  Solution  of 

Soilinm  Nucleate. 
Concentration  of  globin,  0.2  per  cent.     Globin  dissolved  in  water  with- 
out addition  of  acid  or  alkali.     Concentration  of  nucleic  acid,  0.4  per  cent. 
Nucleic  acid  neutralized  Ijy  XaOH.     .50  cc.  fi'ol'in  solution  titrated.     Pre- 
cipitate produced. 


Sodium  nu- 
cleate solu- 
tion added. 

E.M.F. 

H  + 

OH- 

Possible  error 
inH+ 

re. 

mils 

0 

0.48S 

0.23X10-= 

2.8  X10-'= 

±0.01X10-2 

2 

0.486 

0.25X10-2 

2.5  X10-'2 

0.01X10-2 

4 

0.504 

0.12X10-2 

5.2  X10-'= 

0.01X10-2 

S 

0.525 

0.53X10-' 

1.2  X10-" 

0  02X10-' 

12 

0.536 

0.34X10-' 

l.i)  X10-" 

0.02X10-' 

16 

0.560 

0.13X10-' 

4.9  X10-" 

0  01X10-' 

20 

0.572 

0.82X10-^ 

0  78X10-'° 

0.03X10-' 

25 

0.585 

0. 49X10-' 

l.'i  xio-'" 

0.03X10-' 

Increase  OM'concenlraUon 

Fig.  7. 


Globin  also  forms  compounds  with  nucleic  acid  and  tauro- 
eholic  acid,  precipitation  taking  place  in  an  acid  solution.  The 
titration  curve  of  globin  with  nucleic  acid  (see  Table  IX  and 
Fig.  7)  is  very  similar  to  that  obtained  on  titration  of  acid  glo- 

'-  Schulz.  F.  N'.,  Z.  plu/siol.  Chcm.,  1898,  .xxiv,  449 
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bill  with  casein.     The  titration  curve  of  acid  globin  with  bile  salts 
(see  Tables  X  and  XI,  and  Fig.  8)  shows  a  sharp  break  at  the 

T.^BLE  X. 

Titration  of  Acid  Globin  (Preparation  II)  Solution  with  a  Solution  of  Bile 

Salts. 

Concentration  of  globin,  0.2  per  cent.  Glohin  dissolved  in  water  with- 
out addition  of  acid  or  alkali.  Concentration  of  bile  salts  in  aqueous 
solution,  0.4  per  cent.     Precipitate  produced. 


Bile  salts 
solution 
added. 

E.M.F. 

11+ 

OH- 

Possible  error 
inH+ 

cc. 

Kits 

0 

0.484 

0.27X10-= 

2.3  X10-'= 

±0.01X10-= 

2 

0.408 

0.16X10-= 

4.1  X10-"= 

0.01X10-= 

4 

0  503 

0.13X10-= 

5.0  X10-'= 

0.01X10-= 

5 

O-.oO" 

0.11X10-= 

5.9  X10-'= 

0.01X10-= 

7 

O.oll 

0. 93X10-' 

0.69X10-" 

0.04X10-' 

10    " 

O'SOS 

0.11X10-= 

6.1   X10-'= 

0.01X10-= 

13 

0.512 

0.89X10-' 

0.72X10-"  . 

0  04X10-' 

16 

0  517 

0. 73X10-' 

0.SSX10-" 

0  03X10-' 

L'4 

0.540 

0.29X10-' 

2.2  X10-" 

0.01X10-' 

TABLE  XI. 

Titration  of  Acid  Globin  {Preparation  II)  Solution  with  a  Solution  of  Bile 

Salts. 

Concentration  of  globin,  0.2  per  cent.  Globin  dissolved  in  water  with- 
out addition  of  acid  or  alkali.  Concentration  of  bile  salts  in  aqueous  so- 
lution, 0.4  per  cent.  Several  drops  0.1  .v  NaOH  added  to  the  solution  of 
bile  salts  to  make  it  slightly  alkaline.  Precipitate  produced  during 
titration. 


Bile  salts 
solution 
added. 

E.M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cr. 

toffc 

0 

0.515 

0.79X10-' 

0. 81X10-" 

±0.04X10-' 

2 

0  521 

0.63X10-' 

1.0  X10-" 

0.03X10-' 

5 

0.525 

0. 53X10-' 

1.2  X10-" 

0  02X10-' 

8 

0.524 

0. 55X10-' 

1.2  X10-" 

0.02X10-' 

10 

0.526 

0.51X10-' 

1.3  X10-" 

0  02X10-' 

13 

0  532 

0.40X10-' 

1.6  X10-" 

0.02X10-' 

17 

0.536 

0.34X10-' 

1.9  X10-" 

0.02X10-' 

21 

0.542 

0.27X10-' 

2.4  X10-" 

0.01X10-' 

25 

0.548 

0  21X10-' 

3.0  X10-" 

0.01X10-' 
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Increase  Oh    conccnlralion 

Fig.  8. 


point  where  the  compound  protein  starts  to  precipitate,  and  the 
slope  of  the  curve  changes.  This  is  to  be  expected  since  we  are 
titrating  with  a  mixture  of  two  salts,  sodium  taurocholate  and 
sodium  glycocoUate.  Globin  also  forms  a  compound  with 
deuteroalbumose,  the  latter  acting  as  a  weak  acid.  The  titration 
curve  (Fig.  9  and  Table  XII)  indicates  the  formation  of  a  com- 
pound, the  proportion  being  roughly  two  parts  of  globin  to  one  of 
albumose. 


TABLE  XII. 

Titration  of  Alkaline  Globin  {Preparation  I)  Solution  with  a    Solution  of 

DeuteroaWumose. 

Concentration  of  globin,  0.5  per  cent.  0.25  gm.  globin  dissolved  by  8 
cc.  0.1  N  KOH,  then  titrated  back  with  7.1  cc.  0.1  N  HCl.  Concentration 
of  deuteroalbumose,  0.6  per  cent.  50  cc.  globin  solution  titrated.  Pre- 
cipitate produced. 


Albumose 
solution 
added. 

E.M.F. 

H+ 

OH- 

Possible  error 
inH+ 

cc. 

voUs 

0 

0.835 

0.23X10-' 

2.8X10-5 

±0.02X10-' 

1 

0.813 

0.54X10-' 

1.2X10-'^ 

0.04X10-' 

2 

0.792 

0.13X10-' 

5.1X10-' 

0.01X10-' 

4 

0.793 

0.12X10-' 

5.3X10-' 

0  01X10-' 

7 

0.792 

0.13X10-' 

5.1X10-' 

0.01X10-' 

15 

0.786 

0.16X10-' 

4.  OX  10-' 

0.01X10-' 

20 

0.779 

0.21X10-' 

3.0X10-' 

0  01X10-' 
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Ttlr&lion   of  alM  line   Olobin    with 

H*  contcnlpftlior      of  ^lobin 


Increase  M*  conrcnlralion 
Fig.  9. 


SUMMARY. 

1.  Use  of  the  gas  chain  has  been  made  to  follow  the  changes  in 
fhe  H+  and  ()?I~  concentration  in  titrating  acid  and  alkaline  solu- 
tions of  glohin  with  solutions  of  other  i)roteins  and  of  precipitating 
inorganic  salts. 

2.  Titration  curves  showing  the  changes  in  TT '  and  OH"  con- 
centration during  titration  have  l)een  plotted  which  indicate  that 
true  protein  compounds  of  globin  are  formed,  some  of  which  maj' 
precipitate  at  a  jiroper  aciditj'  or  alkalinity,  while  others  may  be 
soluble. 

3.  A  distinction  can  be  made  by  means  of  the  gas  chain  between 
the  salting  out  of  globin  from  solution  by  inorganic  salts  and  the 
precipitation  of  a  compound  protein. 

4.  Determination  of  the  H+  or  OH"  concentration  in  protein 
solutions  used  in  the  preparation  of  compound  proteins  serves  as 
a  criterion  for  the  duplication  of  such  work. 

I  am  indebted  to  Professors  F.  P.  Gay  and  T.  Brailsford  Rob- 
ertson for  the  interest  taken  in  this  work,  and  to  the  George  Wil- 
liams Hooper  Foundation  for  Medical  Research  for  financial  aid 
in  carrying  out  the  investigation. 
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The  poison  uiukr  discussion  may  be  obtained  from 
the  fluid  above  an  intestinal  obstruction,  from  a 
closed  washed  loop  of  small  intestine  or  from  the 
mucosa  of  a  closed  loop  or  a  loop  draining  externally 
through  an  enterostomy  wound.  The  intoxication 
which  develops  with  intestinal  obstruction  or  after 
producing  a  closed  or  drained  intestinal  loop  is  very 
similar,  differing  only  in  intensity.  In  like  manner 
one  can  inject  this  poison  into  a  dog  and  produce  more 
or  less  profound  intoxication,  depending  on  the  amount 
of  poison  introduced.  This  intoxication  resembles 
closely  that  obser\ed  following  intestinal  obstruction. 
The  evidence  is  overwhelming  that  an  active  poison 
is  concerned  in  the  production  of  the  clinical  picture 
of  intestinal  obstruction  and  of  the  closed  intestinal 
loops. 

The  poison  is  found  in  rather  concentrated  form 
within  the  lumina  of  the  closed  loops  of  the  small 
intestine.  Dogs  can  be  immunized  by  sublethal  doses 
and  can  then  withstand  lethal  doses  of  this  poison, 
but  the  immunity  cannot  be  carried  very  high.  More- 
over, these  immune  dogs  can  survive  intestinal 
obstruction  or  closed  loops  much  longer  than  con- 
trols. This  immunity  is  associated  with  a  developing 
capacity  of  the  organ  cells  of  the  body  to  destroy 
this  toxic  substance.  Filtered  immune  organ  extracts, 
presumably  containing  active  enzymes,  can  destroy 
this  poison  in  vitro,  but  the  blood  of  immune  animals 
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contains  no  such  enzymes  and  is  inactive  toward  the 
poison. 

If  a  loop  of  small  intestine  is  washed  out  thoroughly, 
its  ends  closed  and  the  continuity  of  the  intestine 
established  around  it  by  means  of  a  gastro-enterostomy 
or  entero-enterostomy,  any  intoxication  which  may 
ensue  must  be  due  to  one  of  two  things :  ( 1 )  bacterial 
activity;  (2)  perverted  activity  of  the  loop  mucosa 
(or  both  factors  in  conjunction). 

We  have  been  able  to  show  conclusively  that  the 
intestinal  mucosa  is  essential  to  the  production  of 
this  poison  because  with  destruction  of  the  mucosa 
by  means  of  sodium  fluorid  the  formation  of  the 
])oison  ceases.  \Miether  bacterial  activity  is  essential 
to  the  production  of  this  poison  is  less  certain,  but  no 
conclusive  evidence  that  bacteria  are  essential  has  been 
brought  forward.  It  is  certain  that  bacteria  alone 
cannot  form  this  poison. 

.\bsorption  of  this  poison  from  the  intestine  raises 
a  very  interesting  and  perplexing  point.  \\'hen  it  is 
noted  that  the  poisonous  substance  is  most  abundant 
and  easily  demonstrated  in  the  lumina  of  closed  loops, 
one's  first  thought  is  that  absorption  must  be  mainly 
from  the  lumen,  but  this  is  not  so.  Some  absorption 
may  take  place  from  the  contents  of  the  loop,  par- 
ticularly if  the  mucosa  is  damaged  or  inflamed,  but 
fatal  intoxication  will  usually  result  from  a  loop 
draining  externally  and  washed  daily.  Moreover,  the 
introduction  of  large  amounts  of  poison  into  a  loop 
will  not  alter  the  course  of  the  intoxication  and  such 
animals  show  no  more  intoxication  than  controls  with 
loops  washed  and  left  empty  at  the  operation.  The 
poison  is  not  absorbed  from  the  normal  intestine.  All 
evidence  indicates  that  the  absorption  of  the  poison 
in  intestinal  obstruction  or  in  closed  loops  will  take 
place  mainly  from  the  mucosa  regardless  of  the 
material  in  the  lumen  of  the  gut.  Our  attention 
should  center  on  the  mucous  membrane  which  forms 
this  poison  and  passes  it  into  the  blood  stream.  This 
pernicious  activity  may  be  carried  on  to  a  fatal  ter- 
mination by  a  mucosa  which  may  be  to  the  naked 
eye  as  well  as  the  microscope  quite  normal  except  for 
capillary  engorgement. 

The  chemical  nature  of  this  poison  is  of  great  inter- 
est, because  once  known  it  will  be  possible  to   con- 


ceiUratc  attention  on  tlic  action  of  similar  poisons 
and  finally  uncover  the  best  method  of  the  body 
defense  and  cure.  It  is  a  very  elusive  substance  and 
necessarily  concealed  in  a  mass  of  confusing  materials. 
Many  workers  have  hazarded  guesses  about  this 
poison  but  it  has  never  been  isolated  in  anything  like 
purity  or  identified.  Almost  all  of  the  conflicting 
statements  about  this  poison  can  be  easily  explained 
when  it  is  realized  that  it  is  a  primary  proteose.  We 
have  been  able  to  show  that  it  is  thrown  out  of  a 
solution  rich  in  albumins  by  boiling  (adsorption)  but 
that  after  autolysis  or  digestion  it  may  be  boiled  with- 
out harm.  Its  proteose  nature  explains  why  the 
])oison  is  held  back  in  fine  earthen  filters,  as  stated  by 
other  observers,  but  not  held  back  by  paper  filtration. 
The  poison  is  not  destroyed  by  digestion  with  pan- 
creatin  or  fresh  pancreas  for  a  period  of  one  week. 
It  is  not  destroyed  by  autolysis  with  intestinal  mucosa 
for  a  space  of  weeks  but  may  be  completely  destroyed 
in  months.  Its  reaction  after  intravenous  injection 
in  dogs  closely  simulates  anaphylactic  shock  in  these 
animals,  but  the  poison  cannot  sensitize  guinea-pigs 
for  the  characteristic  anaphylactic  phenomena. 

Alcohol  precipitates  this  poison  and  this  is  a  most 
important  step  in  the  separation  of  this  substance  from 
the  mass  of  extraneous  material  in  the  intestinal  loop 
fluid.  Five  volumes  of  95  per  cent,  alcohol  will 
])recipitate  completely  all  of  this  poison,  whether  the 
fluid  is  freshly  removed  from  an  intestinal  loop  rich 
in  albumins  or  has  been  digested  to  a  clear  broth. 
The  alcoholic  filtrate  has  been  tested  repeatedly  and 
contains  not  a  trace  of  the  poison,  but  does  contain 
the  substance  which  produces  the  short  initial  fall  in 
blood  pressure  (the  "tissue  extract"  reaction).  The 
alcoholic  precipitate  contains  all  of  the  poison.  This 
precipitate  may  be  extracted  with  ether  for  days  with- 
out removing  any  of  the  |)oison  and  'the  ether  extract 
gives  no  reaction  when  given  intravenously  in  dogs. 
\\'ater  will  remove  all  of  the  poison  from  the  alcoholic 
precipitate  and  the  poison  goes  into  solution  verv 
rapidly.  The  residue  may  be  filtered  off,  giving  a 
clear  opalescent  solution.  This  of  course  contains 
some  albumin,  which  may  Ijc  removed  in  great  measure 
by  boiling  in  faintly  acid  reaction,  and  filtration.     The 


resultant  filtrate  contains  the  poison,  as  shown  liy 
repeated  experiments. 

The  poison  may  be  still  further  puritied  by  precipi- 
tation at  room  temperature  with  equal  parts  of  a 
saturated  solution  of  ammonium  sulphate.  This  gives 
a  delicate  precipitate  which  may  be  collected  by 
centrifugalization,  dried  between  filter  paper,  again 
dissolved  in  water  and  boiled  with  a  drop  of  acetic 
acid  to  remove  the  last  trace  of  albumin.  This  gives 
a  solution  almost  w^ater  clear  but  slightly  opalescent. 
Dialysis  of  this  pure  solution  against  normal  salt  will 
remove  the  most  of  the  ammonium  sulphate  but  will 
not  change  the  toxic  action  of  the  poison,  which  does 
not  dialyze  in  the  least.  This  pure  solution  gives 
biuret  precipitates  with  phosphotungstic  acid  or 
saturation  with  sodium  chlorid.  Estimations  of  dry 
weight  show  that  100  mg.  of  this  pure  poison  is 
sufficient,  if  given  intravenously,  to  poison  fatally  a 
15-pound  dog. 

This  process  of  chemical  isolation  gives  a  primary 
proteose  and  eliminates  practically  all  other  substances 
except  sodium  chlorid  and  a  trace  of  ammonium  sul- 
phate. Because  of  the  fact  that  this  proteose  resists 
digestion  it  may  be  classed  as  a  heteroproteose.  The 
symptoms  of  proteose  intoxication  are  identical  with 
those  of  poisoning  by  loop  fluid,  and  sublethal  doses 
of  other  proteoses  will  immunize  against  this  poison 
and  prolong  the  life  of  dogs  with  closed  intestinal 
loops,  beyond  the  controls.  The  anatomic  picture  is 
the  same  in  fatal  proteose  intoxication  and  in  ])oison- 
ing  with  loop  fluid.  We  may  assume  with  certainty 
that  the  intoxication  of  intestinal  obstruction  and 
closed  intestinal  loops  is  due  in  great  measure  to  the 
absorption  of  a  primary  proteose  from  the  intestinal 
mucosa. 

It  has  been  sho\vn  by  Chittenden  and  Mendel  that 
proteose  injected  into  the  blood  may  be  excreted  with 
some  rapidity  in  the  urine.  \Ys  have  not  been  able 
to  detect  this  substance  in  the  urine  perhaps  because 
of  the  small  amount  which  is  fatally  toxic  and  because 
the  flow  of  urine  is  inhibited  after  a  large  dose.  The 
]irotcose  mav  be  changed  in  some  manner  before  it 
is  eliminated.  Dogs  with  a  trace  of  albumin  in  the 
urine  usually  show  some  proteose  by  Hammarsten"s 
method  and  this  introduces  a  confusing  factor. 


It  is  obvious  thai  diuresis  will  Ik-Ij)  in  the  elimina- 
tion of  this  toxic  proteose  and  this  explains  the  bene- 
ficial effect  of  salt  infusions  in  intestinal  obstruction. 
This  brings  up  another  point  of  some  interest  and 
of  considerable  importance  from  the  standpoint  of 
diagnosis. 

The  injection  of  this  to.xic  proteose  causes  a  great 
rise  in  the  incoagulable  nitrogen  of  the  blood,  which 
shows  a  curve  rising  with  the  intensity  of  the  intoxi- 
cation from  a  normal  .50  mg.  to  70  or  80  mg.  shortly 
before  death,  and  this  change  may  take  place  in  acute 
poisoning  within  a  space  of  three  hours. 

Dogs  with  intestinal  obstruction  may  show  an 
incoagulable  nitrogen  as  high  as  200  mg.  and  about 
the  same  is  true  of  the  closed-loop  dogs.  The  rise 
in  incoagulable  nitrogen  of  the  blood  seems  to  depend 
on  the  intensity  and  rapidity  of  the  intoxication  and 
is  of  considerable  prognostic  and  diagnostic  value. 
Tilleston  has  reported  two  observations  on  human 
cases  with  very  high  incoagulable  nitrogen  of  the 
blood  in  intestinal  obstruction. 

In  conclusion  it  is  to  be  emphasized  tliat  the  intoxi- 
cation of  intestinal  obstruction  and  closed  intestinal 
loops  is  due  to  the  absorption  from  the  intestinal 
mucosa  of  a  primary  proteose.  This  proteose  intoxi- 
cation may  be  associated  with  a  rise  in  the  incoagu- 
lable nitrogen  of  the  blood  to  four  or  even  ten  times 
normal.  This  fact  may  be  of  value  in  diagnosis  and 
prognosis. 
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In  earlier  publications  \\Tiipple,  Stone,  and  Bernheim  (1,  2,  3,  4) 
have  established  facts  which  have  an  important  bearing  on  this  ques- 
tion of  proteose  intoxication.  Some  of  these  points  will  be  reviewed, 
but  for  the  detailed  experiments  the  original  papers  should  be  con- 
sulted. In  this  work  closed  loops  of  intestine  have  been  used  because 
it  has  been  estabhshed  by  previous  experiments  that  an  acute  intoxi- 
cation develops,  and  the  toxic  substance  may  be  obtained  in  concen- 
trated form  in  the  material  which  accumulates  in  the  closed  loops. 
The  intoxication  noted  in  simple  intestinal  obstruction  is  similar,  but 
usually  less  intense  than  that  observed  in  dogs  with  closed  or  drained 
duodenal  loops.  Much  evidence  has  been  furnished  to  demonstrate 
that  the  essential  toxic  substance  is  very  similar  or  even  identical  in 
obstruction  and  in  closed  intestinal  loops. 

All  recent  work  speaks  strongly  for  the  theory  of  a  definite  intoxi- 
cation in  intestinal  obstruction  and  closed  loops  of  intestine.  The 
doubts  expressed  by  HartweU  and  Hoguet  (5)  have  been  answered 
by  Draper  (6).  Hartwell  and  Hoguet  claimed  that  loss  of  fluid  and 
consequent  dehydration  of  the  tissues  were  primarj-  and  the  intoxi- 
cation a  secondary  result  of  this  dehydration.  Whipple,  Stone,  and 
Bernheim  have  claimed  that  the  intoxication  was  primary  and  the 
dehydration  of  the  tissues  secondary  to  the  tnto.xication.  Draper 
has  been  able  to  show  that  a  dog  can  be  dehydrated  in  four  days  by 
pilocarpin  to  the  same  degree  encoimtered  in  duodenal  obstruction. 
One  of  us  has  been  able  to  bring  about  a  similar  dehydration  and  blood 
concentration  by  means  of  pilocarpin  and  vigorous  salt  purgation 
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over  a  period  of  thirty-six  hours.  The  dogs  which  are  dehydrated 
by  means  of  drugs  show  no  evidence  of  intoxication  and  recover  their 
weight  very  promptly  when  given  abundant  food  and  water.  It  is 
safe  to  assume  that  there  is  a  primary  intoxication  in  intestinal 
obstruction  and  with  closed  intestinal  loops. 

WTien  a  loop  of  small  intestine  is  washed  out,  closed  by  tapes,  and 
a  gastro-enterostomy  made  to  reestablish  the  continuity  of  the  in- 
testine, we  may  attribute  any  resultant  into.xication  to  one  or  both 
of  two  factors:  (1)  bacteria,  and  (2)  intestinal  mucosa.  We  have 
shown  elsewhere  that  destruction  of  the  mucosa  prevents  the  forma- 
tion of  any  toxic  substance  in  the  loop ;  in  other  words,  the  mucosa  is 
essential  to  the  production  of  the  poison.  Whether  bacteria  are 
essential  or  not  is  more  difficult  of  proof  and  this  point  has  not  been 
established  as  yet  beyond  criticism.  Murphy  and  Brooks  (7)  sub- 
mit an  experiment  which  suggests  that  bacteria  are  essential,  but  it 
may  be  claimed  that  the  mucosa  of  a  sterile  drained  loop,  probably 
in  a  dog  more  or  less  strongly  immunized,  might  not  react  in  the 
usual  manner.  The  poison  formed  i;n  this  inoculated  loop  did  not 
give  the  usual  reaction  when  given  intravenously  in  a  normal  dog. 

It  has  been  claimed  by  WTiipple,  Stone,  and  Bernheim  that  the 
poison  can  be  formed  in  a  closed  loop  with  no  demonstrable  lesions 
in  the  mucosa.  This  has  been  disputed  by  Hartwell  and  Hoguet  (5, 
8) ,  and  by  Murphy  and  Brooks  (7) .  It  may  be  admitted  that  com- 
monly the  fluid  accumulates  in  the  closed  loops,  that  this  causes  pres- 
sure and  interference  with  the  blood  supply  and  finally  injury  to  the 
mucosa.  Some  cases,  however,  are  found  in  which  only  a  little  pasty 
material  is  found  in  a  closed  loop  immediately  after  death.  We  wish 
to  emphasize  the  fact  that  in  such  cases  immediately  after  death  we 
are  unable  to  find  the  slightest  histological  evidence  of  injury  to  the 
mucosa.  It  is  not  necessary  to  find  histological  evidences  of  abnor- 
mality to  support  our  belief  that  this  mucous  membrane  is  abnormal 
in  that  it  forms  a  toxic  proteose  and  allows  its  escape  into  the  blood 
stream.  We  are  convinced  that  these  cells  can  present  an  abnormal 
physiological  acti\'ity  without  any  demonstrable  histological  change. 

Absorption  of  this  poison  from  the  intestinal  tract  brings  up  some 
points  of  much  practical  importance.  It  is  probable  that  injury  of 
the  mucosa  will  greatly  facilitate  toxic  absorption,  but  it  must  be 
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remembered  that  the  normal  mucosa  can  not  absorb  any  of  the 
poison.  Further,  it  is  known  that  closed  loops  may  be  filled  with 
much  toxic  material  without  giving  any  increase  in  intoxication. 
Dogs  whose  loops  are  filled  with  a  lethal  dose  of  toxin  will  live  as 
long  as  control  dogs  whose  loops  are  left  empty  at  the  end  of  the 
operation.  Drained  loops  which  are  washed  frequently  give  ample 
e\'idence  of  intoxication.  This  shows  that  much,  if  not  the  greater 
part  of  the  intoxication  is  due  to  absorption  from  the  mucous  mem- 
brane alone  rather  than  from  the  material  in  the  lumen  of  the  gut. 
Our  attention  should  be  concentrated  on  the  mucous  membrane  in 
an  effort  to  discover  the  fundamental  change  which  is  responsible 
for  the  toxin  production  and  the  reaction  which  may  be  responsible 
for  its  sudden  return  to  normal  activity. 

The  chemical  nature  of  this  poison  is  of  great  interest  and  of  some 
practical  importance.  When  its  identity  is  established  it  will  be  pos- 
sible to  study  all  similar  intoxications  with  the  possibility  of  dis- 
covering the  best  means  of  combating  the  intoxication  or  neutraliz- 
ing the  poison  or  helping  in  its  elimination.  The  fundamental  ob- 
jective of  course  is  to  check  the  formation  of  the  poison  at  its  source, 
but  this  may  be  impossible. 

It  is  a  very  elusive  substance  and  of  necessity  concealed  in  a  mass 
of  confusing  material.  Most  workers  in  this  field  have  hazarded  a 
guess  as  to  the  identity  of  the  poison.  Albeck  (9)  believed  that  it 
belonged  in  the  group  of  putrefactive  poisons.  Murphy  and  Brooks 
(7)  believe  that  it  may  be  similar  to  the  substance  sepsin  isolated  by 
Faust  (10).  It  has  been  suggested  that  it  might  resemble  the  /3-imin- 
azolyl  ethylamine  of  Dale  (11).  Some  of  the  reactions  of  this  closed 
loop  poison  resemble  those  produced  by  the  anaphylato.xin. 

As  evidence  for  its  chemical  analysis  and  identification  it  is  to  be 
recalled  that  this  substance  is  not  capable  of  sensitizing  guinea  pigs 
for  the  characteristic  anaphylactic  reaction.  Dogs  can  be  immun- 
ized to  the  poison,  but  this  protection  is  not  great,  and  an  immune 
animal  can  scarcely  withstand  a  double  lethal  dose.  The  immunity 
does  not  reside  in  the  body  fluids  which  are  inert  toward  the  poison. 
The  immune  organs  or  the  autolyzed  tissue  juices  contain  ferments 
which  destroy  the  poison  in  vitro  (Whipple,  Stone,  and  Bernheim  (3)  ). 

It  is  to  be  recalled  that  this  poison  may  be  thrown  out  of  a  rich 
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albuminous  solution  by  boiling.  The  poison  is  more  or  less  com- 
pletely removed  by  Berkefeld  filters  (Murphy  and  Vincent  (12)  and 
Kukula  (13)  ).  Our  earlier  experiments  show  that  autolysis  with 
normal  intestinal  mucosa  for  a  week  will  not  destroy  the  poison  (2). 
Long  autolysis  with  mucosa  weakens  its  toxic  power  and  after  many 
months  (8  to  12)  the  poison  may  be  completely  destroyed.  This 
resistance  to  digestive  enzymes  is  characteristic  and  of  considerable 
importance. 

EXPERIMENTAL   OBSERVATIONS. 

The  experiments  given  below  show  that  the  poison  is  not  de- 
stroyed by  pancreatic  digestion  for  seven  days.  The  most  important 
observation,  that  alcohol  precipitates  this  poison,  is  of  great  help  in 
the  isolation  of  this  substance.  Five  volumes  of  95  per  cent  alcohol 
will  cause  complete  precipitation  of  the  poison,  and  the  filtrate  is  free 
from  the  toxic  substance.  This  point  has  been  estabUshed  beyond  a 
doubt  by  repeated  experiments,  and  in  this  way  a  great  number  of 
confusing  substances  may  be  eliminated.  Further  purification  may 
be  effected  by  solution  of  the  alcohoHc  precipitate  and  reprecipita- 
tion  by  one-half  saturation  with  ammonium  sulphate.  Dialysis  may 
be  used,  as  the  toxin  does  not  pass  a  collodion  membrane.  The 
pure  substance  is  a  primary  proteose,  and  may  be  classed  as  a  hetero- 
proteose  because  it  resists  digestion.  It  is  very  toxic,  and  100  mg. 
may  be  sufficient  to  poison  a  fifteen  pound  dog  with  the  characteristic 
fatal  reaction. 

Methods. 

Dogs  were  used  in  all  the  experiments.  The  kymograph  observations  were 
taken  from  the  carotid  artery  exposed  by  a  small  incision  at  the  root  of  the  neck. 
In  the  abdominal  operations  all  the  usual  aseptic  precautions  were  observed. 
Ether  anesthesia  was  used  in  aU  experiments.  Hammarsten's  method  for  test- 
ing the  urine  for  proteoses  may  be  outlined  as  follows.  Equal  parts  of  urine  and 
saturated  ammonium  sulphate  are  heated  to  a  boU.  The  precipitate  is  thrown 
down  in  a  centrifuge,  the  supernatant  fluid  decanted,  and  the  precipitate  washed 
repeatedly  with  alcohol  to  remove  the  urobilin.  The  residue  is  dissolved  in  water, 
boiled,  and  filtered  to  remove  albumin.  The  solution  is  extracted  with  chloro- 
form and  finally  tested  with  the  biuret. 
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Poison  Not  Destroyed  by  Complete  Pancreatic  Digestion. 

Duodenal  loop  fluid  (30  cc,  a  known  lethal  dose)  was  put  away  in  the  incubator 
at  38°  C.  after  mixing  with  a  freshly  prepared  dog's  pancreas.  The  pancreas 
had  been  ground  with  sand,  allowed  to  stand  for  1  to  2  hours  mixed  with  the  loop 
fluid,  made  alkaline  to  litmus,  and  diluted  to  a  thin  soup.  The  mixture  was 
protected  from  putrefaction  by  chloroform  and  toluol.  Digestion  proceeded  for 
7  days.  There  was  no  unpleasant  odor,  and  the  mixture  was  almost  wholly  fluid. 
It  was  passed  through  a  thick  Gooch  crucible  filter  giving  a  clear  amber  fluid 
which  was  used  to  inject  into  a  normal  dog  (Dog  S-16). 

Dog  S-16. — Small  adult  mongrel,  male;  weight  14i  pounds. 

Feb.  17,  3  p.m.  Intravenous  injection  of  the  clear  filtrate  just  described  (30 
cc).  This  gave  the  usual  reaction  seen  after  the  injection  of  the  toxic  material 
into  dogs.  The  initial  fall  in  blood  pressure  was  transient  with  rapid  return  to 
normal.  The  progressive  lasting  fall  in  pressure  began  at  the  end  of  30  minutes. 
3.30  p.m.  Dog  is  shocked  and  shows  air  hunger.  8.00  p.m.  Death  with  ex- 
tremely low  temperature. 

Autopsy. — The  findings  are  typical  of  death  by  a  large  dose  of  the  poison  found 
in  closed  duodenal  loops.  Splanchnic  engorgement  and  fluid  in  the  intestines 
are  the  striking  features. 

Poison  Precipitated  by  Alcohol  and  Soluble  in  Water. 

Duodenal  loop  fluid  (40  cc),  precipitated  by  three  volumes  of  95  per  cent  alco- 
hol and  heated  for  an  hour  over  a  boiling  water  bath,  was  filtered. 

1.  The  filtrate  or  alcoholic  extract  was  evaporated  slowly  in  a  vacuum  at  80°  C. 
to  a  small  volume  and  tested  on  a  normal  dog  with  negative  results.  Kj-mograph 
tracings  taken  during  the  injection  showed  a  prompt  initial  fall  in  blood  pressure 
with  return  to  normal  in  one  or  two  minutes.  The  substance  which  causes  the 
initial  fall  in  blood  pressure  similar  to  the  reaction  of  tissue  extracts  is  soluble 
in  alcohol.     The  dog  recovered  without  showing  the  least  signs  of  intoxication. 

2.  The  precipitate  was  extracted  with  ether  for  several  days  and  the  ether 
extract  allowed  to  evaporate,  gi\'ing  a  fatty  residue.  This  ether  residue  was 
taken  up  in  alcohol  and  tested  on  a  normal  dog  with  negative  result. 

3.  The  precipitate  (extracted  by  alcohol  and  ether)  was  finally  extracted  with 
water  over  a  water  bath,  and  the  watery  filtrate  obtained  by  rapid  paper  filtra- 
tion.   It  was  tested  on  Dog  S-39.     Fatal  poisoning  in  three  and  one-half  hours. 

4.  The  residue  was  finally  digested  with  intestinal  mucosa  effecting  a  com- 
plete solution.     This  fluid  was  tested  on  a  normal  dog  with  negative  results. 

Dog  S-39. — Small  yellow  mongrel,  male;  weight  13J  pounds. 

Apr.  19,  11  a.m.  Intravenous  injection  of  watery  extract  of  the  alcoholic  pre- 
cipitate from  the  duodenal  loop  fluid.  This  caused  some  initial  drop  in  blood 
pressure,  followed  by  a  return  to  normal  lasting  during  the  kymograph  observ'a- 
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tion.     1.30  p.m.     Dog  is  gravely  shocked;  much  diarrhea  and  vomiting.     2.30 
p.m.    Death  in  coUapse.     Rectal  temperature  30°  C. 

Autopsy. — The  findings  are  typical  of  acute  poisoning  with  duodenal  loop 
fluid.  Splanchnic  congestion  very  marked.  Blood  concentration  is  striking;  dry 
weight  26.3  per  cent. 

Alcoholic  Precipitate  Contains  Poison. 

Duodenal  loop  fluid  (30  cc.)  was  allowed  to  digest  with  a  little  intestinal  mucosa 
plus  chloroform  for  over  two  weeks.  This  gave  a  clear  broth-like  filtrate  which 
contains  the  poison  in  such  experiments.  This  clear  solution  was  treated  with 
five  volumes  of  95  per  cent  alcohol,  and  the  mixture  was  allowed  to  stand  for  three 
days  after  being  brought  to  a  boil  over  a  water  bath.  A  verj'  scanty  precipitate 
came  down  on  standing.  This  precipitate  was  collected  on  a  small  filter  and 
washed  with  alcohol  and  ether.  It  was  estimated,  by  comparison  with  fibrinogen 
precipitates  collected  in  similar  manner,  at  30  to  60  mg.  This  precipitate  was 
completely  dissolved  in  water  and  used  for  intravenous  injection  as  before. 

Dog  0-74. — Small  mongrel,  female;  weight  8^  pounds. 

Apr.  21,  2.30  p.m.  Intravenous  injection  of  the  above  preparation  caused  no 
initial  drop  in  blood  pressure,  but  a  slight  secondary  faU  after  a  period  of  30 
minutes.  4  p.m.  Dog  vomits  repeatedly.  5  p.m.  Dog  vomits  repeatedly; 
salivation  and  diarrhea  marked.     10  p.m.     Death. 

Autopsy. — Typical  picture  of  acute  poisoning  by  duodena)  loop  fluid. 

The  preceding  experiments  (Dogs  S-39  and  0-74)  show  that  this  poison  can 
be  obtained  from  a  mixed  solution  by  alcoholic  precipitation.  The  precipitate 
when  extracted  with  water  yields  all  of  the  toxic  substances,  and  the  amount  of 
the  poison  must  be  very  small  indeed. 

Duodenal  Loop  Fluid — Toxic  Proteose. 

Loop  fluid  (1,100  cc.)  was  collected  from  six  dogs.  AE  these  dogs  had  closed 
loops  of  varying  length  including  the  duodenum  and  upper  part  of  the  jejunum, 
varying  from  20  to  30  inches  in  length.  The  loops  were  isolated  by  means  of 
tapes  which  occluded  the  lumen  of  the  intestine,  and  a  gastro-enterostomy  was 
performed  a  few  inches  below  the  lower  ligature.  This  mixture  was  preserved  a 
few  days  with  chloroform  and  toluol  at  room  temperature.  It  was  then  incu- 
bated for  48  hours  at  38°  C.  and  again  allowed  to  stand  at  room  temperature 
for  2  weeks. 

1,000  cc.  of  the  mixture  were  precipitated  with  5  liters  of  95  per  cent  alcohol 
at  room  temperature  and  allowed  to  stand  at  room  temperature  for  many  weeks 
with  occasional  shaking. 

100  cc.  were  tested  by  preliminary  experiments  to  determine  the  amount  of 
toxic  substance  and  some  of  its  reactions.  The  fluid  was  boiled  over  a  free  flame 
giving  a  moderately  voluminous  precipitate.    The  supernatant  fluid  was  poured 
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off  and  the  coagulum  extracted  again  with  boiling  water  which  was  added  to  the 
decanted  fluid,  making  about  120  cc.  in  all.  This  fluid  was  filtered  through  paper. 
It  reacted  faintly  alkaline  to  litmus.  Half  saturation  with  ammonium  sulphate 
gave  a  moderate  flocculent  precipitate.  Five  volumes  of  95  per  cent  alcohol  gave 
about  the  same  amount  of  precipitation.  Complete  saturation  with  ammonium 
sulphate  gave  but  a  little  more  precipitate  than  did  half  saturation.  Saturation 
with  sodium  chloride  gave  less  precipitate  than  alcohol  or  ammonium  sulphate. 

Dog  15-21. — Normal  adult  spaniel,  female;  weight  23  pounds. 

Mar.  31,  11  a.m.  Intravenous  injection  of  100  cc.  of  the  clear  duodenal  loop 
fluid  which  had  been  tested  above.  Temperature  at  end  of  the  injection  99.4°  F. 
12  m.  Dog  not  intoxicated,  vomited  little  mucus.  No  feces  passed.  Rectal 
temperature  99.7°F.  12.30  p.m.  Dog  is  vomiting  again  and  passed  one  semisolid 
stool;  pulse  is  fair.  1.30  p.m.  Dog  is  vomiting  again  but  is  not  severely  shocked. 
3  p.m.  Dog  is  quite  sick.  Pulse  is  of  a  low  tension.  Dog  vomited  bile-stained 
mucus.     Temperature  102.5°  F.     Next  day  dog  appeared  normal. 

This  experiment  shows  that  one-eleventh  of  the  entire  fluid  did  not  contain  a 
lethal  dose  of  poison  and  probably  contained  about  one-half  or  less  than  one-half 
of  a  lethal  dose.  We  may  assume  with  some  justification  that  the  remaining 
1,000  cc.  of  duodenal  loop  fluid  contained  from  3  to  6  times  a  lethal  dose  for  a 
dog  of  15  to  20  pounds'  weight. 

Duodenal  loop  fluid  (1,000  cc.)  was  precipitated  with  5  liters  of  95  per  cent  alco- 
hol, standing  at  room  temperature  for  12  weeks.  The  precipitate  was  not  abun- 
dant. It  was  thrown  upon  a  paper  filter  and  partially  dried.  The  precipitate 
was  then  washed  from  the  filter  paper  with  about  550  cc.  of  hot  distilled  water. 
The  mixture  made  faintly  acid  to  litmus  with  acetic  acid  and  boiled  over  the  free 
flame  gave  an  abundant  flocculent  precipitate  which  was  removed  by  centrifu- 
galization.  The  supernatant  fluid  was  poured  through  a  paper  filter,  giving  a 
total  amoimt  of  350  cc.  of  pale  canary  yellow,  slightly  opalescent  fluid. 

Of  this  clear  filtrate  250  cc.  were  precipitated  with  an  equal  volume  of  satu- 
rated solution  of  ammonium  sulphate  and  allowed  to  stand  at  room  temperature. 
The  abundant  precipitate  appeared  slowly  and  was  finally  thrown  down  by  the 
centrifuge.  The  supernatant  fluid  was  decanted  and  the  precipitate  dried  between 
filter  paper.  This  material  was  dissolved  in  water  to  about  125  cc.  and  heated 
to  boiling  over  a  free  flame.  It  gave  a  fine  flocculent  precipitate  which  was  thrown 
down  in  the  centrifuge,  and  amounted  to  about  0.25  the  volume  of  the  original 
ammonium  sulphate  precipitate.  This  represents  almost  the  last  trace  of  albu- 
min. The  supernatant  fluid  is  almost  water-clear  and  is  faintly  acid  to  litmus, 
but  it  gives  a  good  precipitate  on  half  saturation  of  ammonium  sulphate.  The 
volume  of  this  solution  equals  115  cc,  and  65  cc.  of  this  fluid  given  intravenously 
in  Dog  15-50  cause  fatal  intoxication  in  3^  hours  (see  also  Dog  15-51). 

Dog  15-50. — Small  black  and  tan,  adult,  male;  weight  13  pounds. 

June  11,  12  m.  Kymograph  observation  with  ether  anesthesia.  Purified  loop 
fluid  (65  cc),  described  above,  given  intravenously.  Blood  pressure  was  ver>- 
little  influenced  by  this  injection,  but  the  heart  was  somewhat  slowed  and  respira- 
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tion  was  considerably  accelerated.     Muscular  twitchings  were  quite  conspicuous 

at  the  end  of  the  injection  and  this  was  due  probably  to  the  ammonium  sulphate 
remaining  in  this  solution.  12.45  p.m.  Dog  was  removed  from  kymograph  and 
out  of  ether.  Passed  one  soft  stool  and  vomited  once.  2.30  p.m.  No  vomiting, 
but  considerable  salivation;  pulse  is  weak  and  dog  is  cold  and  looks  badly  shocked. 
3.15  p.m.  Blood  pressure  very  low;  no  vomiting  and  no  diarrhea.  Dog  in  semi- 
stupor  and  very  cold.  3.45  p.m.  Condition  the  same;  temperature  96.8°  F. 
4  p.m.    Death  with  autopsy  immediately. 

Autopsy. — Blood  examination  showed  a  considerable  excess  of  antithrombin, 
as  is  usual  after  injection  of  the  crude  duodenal  material;  thorax  and  the  lungs 
are  normal;  liver  is  deep  purple  and  remarkably  engorged,  otherwise  normal. 
Spleen  is  greatly  enlarged  and  the  splanchnic  vessels  are  very  conspicuous.  Stom- 
ach shows  a  pale  pylorus  and  cardia  and  a  deep  pinkish  mucosa  in  the  middle  zone. 
Mucus  and  fluid  very  abundant  in  stomach  and  small  intestine.  Duodenum 
shows  a  deep  purple  red  velvety  mucosa  coated  with  large  amounts  of  mucus  and 
contains  much  fluid.  This  color  fades  to  a  pink  color  in  the  Oeum.  The  colon 
shows  a  mottled  pinkish  red  mucosa.  This  picture  is  typical  of  acute  poisoning 
by  a  large  dose  of  duodenal  loop  fluid  or  fluid  obtained  from  above  an  intestinal 
obstruction. 

The  remaining  purified  duodenal  fluid  (SO  cc.  in  amount)  which  had  been  pre- 
cipitated with  alcohol  and  then  with  ammonium  sulphate,  dissolved  in  water, 
boiled,  and  filtered,  was  next  dialyzed  against  0.8  per  cent  sodium  chloride  in  a 
coUodion  tube.  This  gave  a  turbidity  and  slight  increase  in  volume.  After 
dialysis  for  18  hours  the  fluid  was  boiled  and  a  small  precipitate  removed  by  the 
centrifuge.  FUtration  through  paper  gave  an  odorless,  water-clear,  but  slightly 
opalescent  fluid  which  was  used  for  further  tests.  Dialyzed  fluid  (5  cc.)  was 
precipitated  in  an  Esbach  tube  with  Tsuchiya's  reagent  (phosphotungstic  acid  1.5, 
hydrochloric  acid  5,  alcohol  100  parts).  This  gave  1  gm.  per  1,000  cc,  as  read 
from  the  tubes.  This  represents  about  1  mg.  per  cc.  of  fluid.  The  dried  weight 
was  estimated  carefully  for  2  cc.  and  equalled  1.04  per  cent.  Nitrogen  determina- 
tion showed  that  the  ammonium  sulphate  had  not  been  completely  removed  by 
dialysis.  The  dried  weight  by  calculation,  allowing  for  0.8  per  cent  sodium  chlo- 
ride, gives  a  maximum  of  120  mg.  of  material  in  50  cc.  of  this  solution.  The 
Esbach  determination  gives  50  mg.  per  50  cc.  The  first  estimation  by  the  dried 
weight  is  probably  too  high,  but  more  accurate  than  the  Esbach.  A  fairly  safe 
estimate  of  100  mg.  of  proteose  in  this  50  cc.  of  fluid  may  be  made.  This  fluid 
(50  cc.)  was  injected  into  Dog  15-51  with  fatal  result. 

Dog  15-51. — Small  fox-terrier,  female;  weight  15j  pounds. 

June  14,  12  m.  Kymograph  observation  with  ether  anesthesia.  Solution  of 
pure  proteose  (50  cc.)  from  duodenal  loop  fluid  given  intravenously.  This  caused 
no  reaction  on  the  blood  pressure  or  pulse  beat.  12.30  p.m.  Animal  seems  quite 
unaffected  by  injection.  Removed  from  kymograph.  1.30  p.m.  Dog  recovered 
and  seems  normal;  walks  about  cage.  4  p.m.  Dog  is  prostrated  and  greatly 
shocked;  slow  deep  respiration,  vomiting,  and  diarrhea  noted.  Temperature 
104.2°  F.    Pulse  tension  poor.     10  p.m.    Dog  appears  shocked  and  cold. 
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June  15,  9  a.m.     Dog  found  dead  and  cold;  much  fluid  feces  in  cage. 

Autopsy. — Thorax,  heart,  and  lungs  normal;  spleen  and  liver  only  moderately 
congested;  stomach  contains  blood-tinged  fluid  and  shows  moderate  congestion 
of  the  mucosa.  Duodenum  contains  a  good  deal  of  mucus  and  fluid,  and  the 
mucosa  is  pinkish  red  and  definitely  engorged  with  blood.  Jejunum  and  ileum 
show  a  similar  picture  and  contain  much  watery  fluid  with  mucus.  This  picture 
is  characteristic  of  moderately  acute  intoxication  and  this  dog  was  given  just 
about  a  minimal  lethal  dose  of  the  poison,  causing  death  in  about  15  hours  with 
characteristic  delayed  symptoms  of  shock,  associated  with  vomiting  and  diarrhea. 
It  is  probable  that  this  dog  received  approximately  100  mg.  of  purified  proteose 
obtained  from  duodenal  loop  fluid. 

This  isolation  of  a  priniar}-  proteose  from  the  duodenal  loop  fluid 
is  well  established  by  the  above  experiments.  One  liter  of  duodenal 
loop  fluid  contained  several  lethal  doses  of  the  characteristic  poison. 
The  toxic  substance  was  first  precipitated  by  live  volumes  of  95  per 
cent  alcohol  and  the  precipitate  dissolved  in  water.  This  solution 
made  faintly  acid  and  boiled  gave  an  abundant  albuminous  precipi- 
tate which  was  removed.  The  solution  was  treated  with  equal  parts 
of  a  saturated  solution  of  ammonium  sulphate  which  gave  a  white 
flocculent  precipitate.  This  precipitate  was  dissolved  in  water  and 
the  solution  again  boiled  to  remove  all  albumin.  This  clear  filtrate 
contained  the  characteristic  poison,  and  65  cc.  poisoned  a  dog  fatally 
in  four  hours  (Dog  15-50).  The  rest  of  this  clear  filtrate  was  dia- 
lyzed  for  eighteen  hours,  again  boiled  and  filtered,  giving  a  water- 
clear,  slightly  opalescent  fluid.  This  fluid  (50  cc.)  contained  about 
100  mg.  of  proteose  and  was  suflicient  to  poison  fatally  a  dog  weigh- 
ing fifteen  pounds  (Dog  15-51). 

This  method  of  isolation  removes  practically  all  substances  from 
the  duodenal  loop  fluid  mixture  with  the  exception  of  the  primary 
proteoses.  This  pure  substance  gives  the  identical  toxic  symptoms 
noted  after  injection  of  the  crude  duodenal  loop  fluid.  Moreover, 
the  alcoholic  extract  or  filtrate  is  non-toxic  and  the  bulk  of  the  toxic 
material  can  be  isolated  and  purified  without'  great  loss.  This  is 
strong,  if  not  conclusive,  evidence  that  the  essential  toxic  substance 
has  been  isolated  from  the  duodenal  loop  fluid  and  that  the  toxic 
substance  is  a  primary  proteose. 
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DISCUSSION. 

Many  interesting  points  concerning  proteose  intoxication  have 
been  brought  out  by  the  work  of  Chittenden  (14)  and  his  coworkers. 
These  investigators  show  that  certain  proteoses  may  stop  urinary 
secretion  without  much  blood  pressure  reaction.  This  toxic  pro- 
teose of  intestinal  obstruction  may  cause  a  sudden  stoppage  in  uri- 
nary secretion  and  no  primary  blood  pressure  effect.  The  fall  in 
blood  pressure  may  not  appear  imtil  hours  after  the  injection  when 
the  s>Tnptoms  of  shock  are  in  evidence. 

Some  proteoses  may  be  changed  before  their  excretion  in  the 
urine, — a  primary  proteose  being  excreted  as  a  secondary  proteose. 
It  is  very  important  to  emphasize  that  when  these  proteoses  escape 
from  the  body  they  do  so  by  way  of  the  kidneys.  It  has  been  shown 
by  Hartwell  and  Hoguet  (5)  and  others  that  administration  of  fluid 
is  of  benefit  in  the  intoxication  of  intestinal  obstruction,  and  it  is 
highly  probable  that  the  diuresis  aids  in  the  elimination  of  the  poison 
which  may  escape  in  part  by  way  of  the  urine. 

We  have  attempted  to  isolate  this  toxic  proteose  from  the  urine 
of  dogs  with  intestinal  obstruction  and  closed  loops  of  intestine, 
and  following  injection  of  the  toxic  proteose.  There  are  obvious 
difficulties  in  this  work  when  we  consider  the  small  amount  of  the 
poison  (100  mg.)  which  may  produce  fatal  intoxication.  Its  injec- 
tion in  considerable  amount  is  attended  by  cessation  of  renal  excre- 
tion. It  is  not  sufficient  to  state  that  a  proteose  appears  in  the 
urine  after  the  intravenous  injection  of  this  toxic  proteose  or  after 
an  experimental  closed  intestinal  loop.  Various  procedures  may 
cause  albuminuria  in  a  dog,  and  this  is  often  associated  with  a  defi- 
nite proteosuria  (as  shown  by  Hammarsten's  method)  without  any 
evidences  of  intoxication.  The  determination  of  a  proteose  in  small 
amounts  in  a  dog's  urine  has  no  special  significance.  We  have  at- 
tempted to  isolate  a  toxic  proteose  from  dog's  urine  after  obstruction 
or  closed  intestinal  loops,  but  so  far  without  success.  It  is  possible 
that  this  specific  primary  proteose  may  be  modified  in  some  way 
before  its  excretion  in  the  urine. 

Animals  react  differently  to  the  proteose  groups  of  poisons.  Un- 
derbill (15)  and  others  point  out  that  dogs  are  susceptible  to  pro- 
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teose  intoxication,  whereas  cats  and  rabbits  are  very  resistant.  Da\'is 
and  Morgan  (16)  have  shown  that  cats  are  very  resistant  to  the  poison 
found  in  the  closed  intestinal  loops  of  dogs  or  cats.  Moreover,  cats 
will  survive  a  closed  intestinal  loop  of  a  certain  tj'pe  much  longer 
than  a  dog  under  parallel  conditions. 

Dogs  react  constantly  to  this  proteose  obtained  from  closed  intes- 
tinal loops.  The  intensity  of  the  clinical  symptoms  of  salivation, 
vomiting,  diarrhea,  and  prostration  depend  upon  the  amount  of 
poison  injected.  The  blood  may  show  a  gieat  increase  in  antithrom- 
bin,  which  will  delay  or  completely  prevent  clotting  in  vitro.  This 
reaction  is  variable,  but  usually  follows  intravenous  injection  of  a 
variety  of  proteoses.  In  fatal  poisoning  the  splanchnic  engorge- 
ment is  the  striking  feature.  The  liver  and  spleen  are  swollen  and 
purple.  The  mucosa  of  the  duodenum  especially,  but  also  of  the 
whole  intestine,  is  greatly  congested  and  may  be  a  velvet}'  purplish 
red  color. 

It  is  to  be  emphasized  that  other  poisons  can  cause  this  poisoning 
with  peculiar  splanchnic  paralysis  and  engorgement  in  dogs.  It  has 
been  noted  with  various  putrefactive  poisons,  toxic  bases  or  amines 
(Faust),  also  after  large  doses  of  adrenalin,  and  in  fatal  anaphylaxis. 
It  is  not  safe  to  draw  conclusions  about  the  nature  of  a  given  poison 
solely  from  its  physiological  action,  but  chemical  tests  must  be 
added. 

An  interesting  experiment  has  been  performed  by  Murphy  and 
Brooks  (7),  who  isolated  the  gall  bladder  after  introducing  diluted 
intestinal  contents.  The  dogs  died  with  symptoms  of  intoxication, 
and  the  contents  of  their  gall  bladders  were  toxic  to  normal  dogs, 
giving  the  usual  picture  of  proteose  into.xication.  It  is  possible  that 
growth  of  bacteria  in  association  with  the  mucosa  of  the  gall  bladder 
can  produce  a  toxic  proteose.  More  work  must  be  done,  however, 
to  establish  this  important  point.  On  the  other  hand,  it  is  possible 
that  some  putrefactive  poison  is  responsible,  because  such  poisons 
and  toxic  proteoses  give  similar  reactions  when  given  intravenously 
in  dogs. 

It  is  to  be  emphasized  that  the  group  of  putrefactive  poisons  is 
not  found  in  closed  intestinal  loops,  and  the  only  toxic  element  is  a 
primary  proteose. 
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Proteose  intoxication  causes  a  striking  rise  in  the  incoagulable 
nitrogen  of  the  blood,  which  may  double  in  amount  in  a  period  of 
three  hours.  Intestinal  obstruction  or  a  closed  intestinal  loop  may 
cause  a  great  rise  in  the  non-coagulable  blood  nitrogen,  which  may 
even  rise  to  ten  times  normal.  This  seems  to  depend  within  limits 
upon  the  severity  and  acuteness  of  the  intoxication.  Detailed  ex- 
periments will  be  published  in  the  near  future,  and  the  incoagulable 
nitrogen  may  prove  to  be  of  clinical  value  from  the  standpoint  of 
diagnosis  and  prognosis. 

STJMMARY. 

A  definite  intoxication  develops  as  a  result  of  a  closed  intestinal 
loop  and  toxic  material  accumulates  in  the  closed  loops.  Much 
evidence  has  been  submitted  to  show  that  this  loop  poison  causes 
the  intoxication  observed  after  producing  a  closed  intestinal  loop. 
Sufficient  evidence  has  been  presented  to  prove  that  the  essential 
poison  is  present  in  these  closed  intestinal  loops,  and  usually  in  con- 
centrated form. 

Chemical  study  of  the  contents  of  closed  intestinal  loops  shows 
that  a  single  substance  or  group  of  substances  possesses  toxic  prop- 
erties. This  resists  autolysis  and  pancreatic  and  ereptic  digestion. 
It  is  thrown  out  of  solution  by  five  volumes  of  alcohol  or  by  half 
saturation  with  ammonium  sulphate.  It  is  readily  soluble  in  water 
and  is  not  injured  by  boihng.  It  is  not  removed  by  dialysis.  The 
method  of  isolation  excludes  practically  all  substances  except  pri- 
mary proteoses.  The  characteristic  resistance  to  digestive  enzjTnes 
suggests  a  heteroproteose. 

Proteose  intoxication  in  dogs  gives  a  picture  identical  with  that 
described  after  poisoning  with  intestinal  loop  fluid:  early  salivation 
and  vomiting,  followed  by  diarrhea  and  prostration,  fall  in  tempera- 
ture and  blood  pressure,  and  finally  death  in  collapse.  Autopsy 
shows  essentially  a  splanchnic  paralysis  and  remarkable  engorge- 
ment of  liver  and  spleen,  but  especially  of  the  mucosa  of  the  duo- 
denum and  small  intestine.  The  blood  shows  great  concentration  due 
to  loss  of  fluid  and  may  remain  incoagulable  because  of  an  excess 
production  of  antithrombin. 
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Proteoses  escaping  from  the  blood  are  excreted  in  the  urine.  This 
toxic  proteose  concerned  in  intestinal  obstruction  has  not  yet  been 
isolated  in  the  urine,  but  may  be  excreted  by  the  kidneys.  This  prob- 
ably explains  the  clinical  improvement  and  lessened  intoxication  noted 
after  transfusion. 

Experimental  evidence  points  to  a  primary  proteose  as  the  essential 
poison  concerned  in  the  intoxication  of  closed  intestinal  loops  and 
intestinal  obstruction. 
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This  communication  deals  with  analyses  of  the  blood  in  intestinal 
obstruction,  intestinal  closed  loops,  and  other  acute  intoxications. 
The  tables  give  figures  for  non-coagulable  nitrogen,  urea  nitrogen, 
and  in  some  instances  the  total  nitrogen  partition  in  the  blood.  Our 
interest  in  this  study  of  the  blood  was  aroused  by  a  commimication 
of  Tileston  and  Comfort  (l),  who  in  a  large  series  of  human  cases  re- 
ported three  cases  of  intestinal  obstruction  with  very  high  non-coag- 
ulable nitrogen.  Since  that  time  we  have  studied  the  blood  of  various 
experimental  animals  which  were  being  observed  in  connection  with 
other  experimental  work. 

We  found  that  most  cases  of  intestinal  obstruction,  especially 
with  signs  of  acute  intoxication,  showed  a  high  non-coagulable  blood 
nitrogen,  and  it  seemed  possible  that  this  factor  might  be  of  value 
in  diagnosis  and  especially  prognosis  of  acute  abdominal  conditions. 
We  are  now  convinced  that  this  non-coagulable  nitrogen  determination 
is  of  value  in  various  acute  intoxications.  If  the  reading  is  high, 
one  may  assume  a  dangerous  grade  of  intoxication,  but,  on  the  con- 
trary, one  may  not  assume  that  a  low  reading  gives  evidence  of  slight 
intoxication,  because  a  fatal  outcome  may  be  associated  with  a  low 
reading.  It  is  of  considerable  value  to  know  that  the  non-coagulable 
nitrogen  of  the  blood  may  show  high  readings  in  other  conditions  be- 
sides renal  disease. 

On  the  other  hand,  determinations  of  the  blood  urea  alone  are 
of  somewhat  less  value  in  studying  the  retention  products  in  the  blood 
in  these  conditions.     In  our  experimental  animals  the  blood  urea 
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has  varied  from  less  than  30  per  cent  to  more  than  80  per  cent  of  the 
total  non-coagulable  nitrogen,  and,  while  a  high  urea  reading  is  the 
rule,  the  variations  in  the  urea  curve  and  the  curves  of  the  other  non- 
coagulable  nitrogenous  substances  are  so  great  that  the  urea  reading 
is  a  somewhat  unreliable  index  of  the  extent  to  which  non-coagulable 
nitrogenous  substances  have  accumulated. 

Our  results  are  given  below  in  the  form  of  tables  and  some  clinical 
and  experimental  data  are  given  in  addition,  but  it  is  not  needful 
to  give  the  entire  experimental  data  at  this  time.  Usually  one 
experiment  in  each  table  is  given  in  some  detail  as  an  example  of  the 
group. 

Methods. 

Dogs  were  used  in  most  experiments.  A  few  cats  were  used,  and  one  human 
case  was  included.  All  operations  on  animals  were  done  under  surgical  anesthesia 
with  the  usual  surgical  technique. 

The  blood  was  taken  in  a  glass  syringe  from  the  jugular  vein  and  used  for  the 
various  tests.  When  the  blood  was  obtained  at  the  time  the  animal  was  killed, 
it  flowed  from  a  cannula  in  the  carotid.  A  few  samples  taken  in  extremis  were 
obtained  after  anesthesia  by  opening  the  thorax  and  aspirating  direct  from  the 
heart. 

Non-coagulable  nitrogen  is  determined  as  follows:  With  a  volumetric  pipette  10 
cc.  of  blood  are  added  to  65  cc.  of  distilled  water,  and  5  cc.  of  a  1  per  cent  sodium 
oxalate  solution.  The  mixture  is  brought  to  a  boil,  gently  rotating  the  flask  while 
heating,  and  is  then  faintly  acidified  with  acetic  acid.  A  few  crystals  of  sodium 
sulphate  are  added,  the  mixture  is  shaken,  and,  after  the  addition  of  20  cc.  of  a  1 
per  cent  solution  of  uranium  acetate,  is  thoroughly  shaken  again  and  filtered. 
Nitrogen  estimations  by  the  Kjeldahl  method  are  done  in  duplicate  on  30  cc. 
samples  of  the  clear  filtrate, — each  representing  3  cc.  of  blood, — and  the  non- 
coagulable  nitrogen  calculated  for  100  cc.  Creatinine  and  creatine  are  deter- 
mined by  the  method  of  Folin  (2)  with  a  standard  of  creatinine  zinc  chloride. 
Urea  is  determined  by  the  method  of  Marshall  as  modified  by  \'an  Slyke  and 
Cullen  (3).     Uric  acid  is  determined  by  the  method  of  Benedict  (4). 

EXPERIMENTAL  OBSERVATIONS. 

Simple  Obstruction,  Recovery,  and  Second  Operation. 

Dog  15-12. — Mongrel,  female;  weight  40  pounds. 

Mar.  8.  A  simple  obstruction  was  made  in  the  middle  of  the  small  intestine, 
and  a  small  piece  of  tape  was  fixed  about  the  small  intestine  to  occlude  its 
lumen  but  not  to  injure  the  intestinal  waU. 
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Mar.  9.     Dog  quiet.    Temperature  38.5°C.     Slight  vomiting. 

Mar.  10.  Dog  shows  usual  picture  of  obstruction  with  vomiting.  Tem- 
perature 38°C.    Weight  38  pounds. 

Mar.  11.  Condition  the  same.  Into.xication  not  striking.  Weight  36 
pounds. 

Mar.  12.  Condition  the  same.  Weight  34  pounds.  Late  in  the  day  the  dog 
showed  intoxication  and  small  pulse.  Infusion  of  1,000  cc.  of  Locke's  solution 
given  in  the  jugular.  Blood  taken  before  and  after  infusion.  The  infusion  caused 
clinical  improvement. 

Mar.  13.  Dog  still  vomiting;  the  intoxication  is  not  severe.  Temperature 
38.5°C.  Weight  35.5  pounds.  The  marked  drop  in  non-coagulable  nitrogen  is 
a  striking  feature  of  this  experiment,  and  is  difEcult  to  explain,  although  the 
diuresis  and  replacement  of  lost  fluid  may  be  important  factors.  1  p.m.  Ether 
anesthesia  and  laparotomy.  The  obstruction  was  removed  easily,  and  the  in- 
testinal wall  closed  over  by  sutures.  At  the  end  of  the  operation  intravenous 
infusion  of  1,000  cc.  of  Locke's  solution.    Dog  made  good  recovery  from  operation. 

Mar.  14.    Dog  vomited  a  little  and  refused  food. 

Mar.  15.  Vomiting  continues,  and  animal  eats  a  little.  Temperature  38.7°C. 
Weight  34  pounds.     Given  1,000  cc.  of  Locke's  solution  intravenously. 

Mar.  16.  Much  improvement;  dog  takes  food;  no  vomiting.  Weight  35 
pounds. 

Mar.  17  and  18.     Continued  improvement. 

Mar.  19.     Improvement  continues;  dog  has  passed  feces. 

Apr.  8.  Dog  appears  normal.  Second  operation  to  establish  a  drained  loop 
of  duodenum  including  about  8  inches  of  the  first  part  of  the  jejunum;  distal 
portion  of  loop  pulled  through  a  puncture  wound  in  left  rectus;  duodenum  closed 
below  pancreatic  duct  and  gastrojejunostomy  done. 

Apr.  9.  Dog  sick,  vomiting.  Pulse  weak.  3  p.m.  Severe  intoxication;  much 
chocolate  colored  vomitus.    Ether  anesthesia.     Killed. 

Autopsy. — Thorax,  heart,  and  lungs  normal;  abdominal  ^^scera  are  normal; 
peritoneum  is  clean;  gastro-enterostomy  is  patent;  stomach  shows  slight  engorge- 
ment of  mucosa.  Duodenum  between  pylorus  and  point  of  section  shows  a 
swollen  and  congested  mucosa.  It  contains  a  blood-stained  fluid.  Jejunum 
below  gastro-enterostomy  shows  engorgement  of  its  mucosa  very  like  that  noted 
after  lethal  injection  of  a  toxic  proteose.  The  ileum  and  colon  show  congestion 
of  their  mucosae  to  a  less  extent.  The  loop  contains  chocolate-red,  slimy  material; 
the  mucosa  shows  no  ulceration,  but  is  congested  and  deep  red;  there  are  some 
submucous  ecchymoses. 

This  experiment  is  of  interest  because  of  the  recover^'  from  the 
first  obstruction.  An  obstruction  was  produced  in  the  middle  of  the 
small  intestine  by  means  of  a  tape.  On  the  6th  day  the  tape  was 
removed  at  a  second  operation,  and  the  dog  returned  to  a  normal 
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TABLE  I. 
Dog  15-12.    Simple  Obstruction,  Recovery,  and  Second  Operation. 


Day  after 
operation. 

Time. 

Non- 
coagulable 
nitrogen.* 

Remarks. 
Mongrel,  female;  weight  40  lbs. 

2 
3 

4 
5 

5 

5 
6 

2.00 
11  00 

4.00 
11.00 

2.50 

3.20 
11.30 

ms- 
13 
24 
68 

119 

131 

117 
31 

Vomited  once.     Pulse  good.     Temp.  38.5''C. 
Dog  vomiting.     Condition  good.     38  lbs. 
Dog  vomiting  frequently.     36  lbs.    Temp.  38°C. 
Dog  vomiting.     Pulse  good.    Feces  in  cage.    34 

lbs.     Temp.  38''C. 
Dog    prostrated.    Pulse    tension    low.    Infusion 

of  1,000  cc.  of  Locke's  solution. 
Blood  after  infusion.     Clinical  improvement. 
Dog  improved.     \'omiting  less. 

2nd  operation. 

7 

9 
11 
12 

32 

1  00 

11.00 

10  00 

4.00 

11.00 

42 

36 
26 
28 
31 

Laparotomy  and  removal  of  obstruction.  Infu- 
sion of  1,000  cc.  of  Locke's  solution.  Blood  at 
end  of  infusion. 

Vomits  occasionally.     Refuses  food. 

Dog  improving.     35  lbs. 

Dog  improving  rapidly.     35.5  lbs.     Temp.  38.4°C. 

Dog  passed  feces.     Seems  quite  well. 

Normal. 

3rd  operation. 
33 

33 

3.00 
12.00 

3  00 

56 

71 

Drained  loop  of  jejunum.     Long  operation. 

Dog  much  into.xicated  and  vomiting.  Urea  ni- 
trogen 31  mg. 

Animal  acutely  sick.  Killed.  .•Vmino  nitrogen 
9.3  mg. 

*  Non-coagulable  nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

condition.  The  third  operation  was  performed,  and  about  18  inches 
of  the  lower  duodenum  and  first  portion  of  the  jejunum  were  isolated 
as  a  drained  loop  opening  in  the  left  side.  A  gastro-enterostomy  was 
performed.  The  animal  showed  grave  intoxication  with  much  vomit- 
ing and  death  in  24  hours.  There  was  no  peritonitis  but  some 
interference  with  the  blood  supply  of  the  drained  loop. 

Table  I  shows  the  fluctuation  in  the  blood  non-coagulable  nitro- 
gen. There  was  a  steady  rise  to  a  maximum  of  131  mg.  per  100  cc. 
of  blood  on  the  5th  day.  The  dog  was  given  an  infusion,  and  the 
following  day  the  non-coagulable  nitrogen  had  dropped  to  31  mg. 
One  is  tempted  to  assume  as  a  simple  explanation  that  the  replace- 
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ment  of  fluid  and  the  consecutive  diuresis  sweep  out  these  substances 
from  the  blood.  This  undoubtedly  does  occur,  but  the  story  is  not 
quite  as  simple  as  this.  For  example,  in  other  experiments  with  a 
grave  intoxication  a  transfusion  may  not  affect  in  the  least  the  level 
of  blood  non-coagulable  nitrogen,  in  spite  of  a  striking  diuresis. 
There  is  no  evidence  to  point  to  lack  of  eUminative  power  of  the 
kidneys  as  a  factor. 


TABLE  n. 
Simple  Obstruction. 


Dog  No. 

Day 
after 
opera- 
tion. 

Non- 
coagu- 
lable 
nitro- 
gen.* 

Urea 
nitro- 
gen.' 

Weight. 

Temp. 

Remarks. 

mj. 

mg. 

Ihs. 

°C. 

15-20 

6 

48 

— 

15.3 

38.5 

No  vomitus.     Dog  quiet. 

7 

ii 

— 

14  5 

38.4 

Condition  the  same. 

8 

38 

— 

14.3 

39.1 

tt                             H           It 

9 

40 

19 

13.8 

38.5 

Little  vomitus,  intoxication  moderate. 
Killed. 

15-26 

1 

77 

— 

— 

— 

Blood  after  operation. 

3 

46 

34 

42.8 

39.2 

Vomiting  and  sick. 

4 

60 

35 

41  3 

39.2 

Condition  the  same. 

5 

56 

40 

40  8 

39.3 

it              it      tt 

6 

60 

39 

40  0 

39.1 

It              It      It 

7 

94 

58 

39.0 

39.6 

Dog  weak. 

8 

79 

42 

Dog  seems  better.  Killed.  Slight  chronic 
nephritis. 

16-15 

1 

34 

IS 

36.0 

— 

Blood  before  operation. 

3 

52 

28 

34.0 

39.7 

Vomiting  large  amounts. 

4 

59 

21 

33.0 

39.3 

Vomiting. 

6 

90 

43 

— 

— 

Dog  acutely  sick.     Killed. 

16-56 

1 

— 

22 

22.0 

— 

4 

— 

22 

19  0 

38.0 

Dog  vomiting  since  operation. 

5 

63 

21 



37.7 

11  a.m.  Animal  in  fair  condition.  Pro- 
teose injection.     Blood  before  injection. 

5 

81 

27 

19.5 

11.10  a.m.  Recovered  from  proteose  in- 
jection in  6  hrs.  Died  in  night.  Blood 
after  injection. 

*  Non-coagulab!e  and  urea  nitrogen  are  given   in  terms  of  mg.  per   100  re. 
of  blood. 
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Simple  Obstruction  for  5  Days.     Toxic  Death. 

Dog  16-45. — Shepherd,  mongrel,  female;  weight  36  pounds. 

Nov.  10.  Simple  obstruction  in  the  middle  of  the  small  intestine  by  means 
of  complete  section  and  an  inversion  of  cut  ends. 

Nov.  11  and  12.     Dog  is  vomiting,  and  there  is  a  steady  loss  in  weight. 

Nov.  13.  Much  thin  yellow  vomitus.  Temperature  39.3°C.  Weight  33 
pounds. 

Nov.  15.  9  a.m.  Dog  is  severely  intoxicated.  Ether  anesthesia.  Killed. 
The  readings  for  non-coagulable  nitrogen  and  urea  nitrogen  are  given  in  Table  II. 

Autopsy. — Thorax,  lungs,  and  heart  normal.  The  viscera  show  nothing  of 
interest  except  a  slight  congestion.  The  peritoneum  is  dry  and  clean.  There 
are  a  few  fibrinous  adhesions  about  the  site  of  obstruction.  Intestinal  tract 
below  obstruction  is  collapsed  and  mucosa  normal.  The  intestine  above  the 
obstruction  shows  only  slight  dilatation.  There  is  no  congestion  of  the  mucosa 
and  no  ulceration.  The  stomach  shows  come  congestion  of  the  cardla.  The 
material  above  the  obstruction  consists  of  thin  yellow  material,  like  pea-soup. 
160  cc.  in  amount.     Kept  for  further  study. 

The  protocol  of  Dog  16-45  gives  a  typical  story  of  an  uncompli- 
cated, untreated  case  of  simple  obstruction  of  the  middle  of  the  small 
intestine.  Vomiting  is  constant,  but  the  grave  intoxication  does  not 
appear  until  the  5th  day,  when  the  non-coagulable  nitrogen  is  foimd 
to  be  high — 90  mg.  per  100  cc.  of  blood.  The  autopsy  findings  are 
characteristic,  and  the  peritoneum  is  clean. 

Table  II  shows  a  considerable  variety  of  non-coagulable  nitrogen 
readings.  The  last  three  experiments  show  a  definite  rise  in  non- 
coagulable  nitrogen  above  normal,  and  this  is  the  rule.  The  first  ex- 
periment, however,  is  a  good  example  of  a  dog  which  maintained  prac- 
tically a  normal  level  in  spite  of  a  prolonged  obstruction.  It  should 
be  kept  in  mind  that  this  dog  had  a  resistance  considerably  above 
normal,  consequently  was  not  as  acutely  intoxicated,  and  was  killed 
8  days  after  operation  while  still  in  fair  condition.  A  similar  state 
of  affairs  is  noted  in  closed  loops  of  the  intestine,  and  with  a  slowly 
progressing  intoxication  the  non-coagulable  nitrogen  may  scarcely 
rise  above  its  normal  level. 

This  table  of  simple  obstruction  experiments  gives  also  the  urea 
nitrogen  of  the  blood.  It  is  noted  at  once  that  these  intoxications 
give  different  urea  readings  with  high  non-coaguable  nitrogen  than 
is  foimd  in  chronic  nephritis.      Urea  nitrogen  in  nephritis  usually 
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constitutes  more  than  50  to  60  per  ceat  of  the  total  nitrogen,  but 
here  it  is  seen  that  it  often  falls  below  50  per  cent.  The  residual 
or  undetermined  nitrogen  in  these  experiments  is  constantly  high. 
We  suspect  that  this  is  a  fairly  constant  feature  in  various 
proteose  intoxications. 

TABLE  ni. 
Closed  Loop  of  Duodenum  and  Jejunum.    Gaslro-Enterostomy. 


Dog.  No. 

Day  after 
operation. 

Non- 
coagulable 
nitrogen.* 

Remarks. 

15-2 

2 
3 
4 

mj. 
41 
89 

113 

Condition  good,  vomiting. 

H                            it 

Grave  intoxication;  subnormal  temperature.     Killed. 

15-9 

1 
2 

51 
103 

Blood  taken  at  time  of  operation.     Weight  33  lbs. 
Dog  sick,  listless,  vomiting.     Died  during  night. 

15-10 

1 
2 
3 

4 

20 

35 

70 

135 

Blood  at  operation.     23  lbs. 

Dog  toxic.     Pulse  good. 

Dog  in  fair  condition.     Intoxication  moderate. 

Dog  toxic.     Pulse  weak.     Killed. 

15-14 

1 
2 
3 
4 
5 
5 

40 

33 
37 
53 
55 
65 

Blood  before  operation.     30  lbs. 
Dog  vomiting.     Slightly  toxic. 

Moderately  toxic.     28.5  lbs. 
Little  vomiting.     Condition  the  same. 
11  a.m.  Dog  sick.     Muscular  tremors.     26.5  lbs. 
2.30  p.m.     Killed,     .\mino  nitrogen  5.7  mg.  per  100  cc. 

*  Non-coagulable  nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

Long  Loop  of  Duodenum  and  Jejunum.     Gaslro-Enterostomy. 

Dog  15-10. — Long  haired  mongrel,  male;  weight  23.5  pounds. 

Mar.  3.  Isolated  a  long  loop  including  lower  half  of  duodenum  and  upper 
part  of  the  jejunum;  occlusion  was  effected  by  means  of  tapes  apphed  as  usual; 
gastro-enterostomy  performed. 

Mar.  4.     Dog  intoxicated.     Temperature  38.5°C. 

Mar.  5.     Condition  unchanged. 

Mar.  6.  Dog  very  sick;  much  vomiting.  Pulse  pressure  low.  Slow  respi- 
ration. Temperature  37.3°C.  Ether  anesthesia  and  bleeding  from  carotid, 
which  showed  an  arterial  pressure  scarcely  above  the  usual  venous  pressure. 

.Autopsy. — Thorax  normal.  Peritoneum  is  clean  and  dry,  except  for  a  few 
bits  of  fibrin  close  to  the  site  of  operation.    Liver  shows  a  little  congestion. 
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Other  organs  are  normal.     The  loop  is  completely  isolated  from  the  intestine 
it  contains  about  50  cc.  of  creamy,  white,  syrupy  material  having  the  characteristic 
odor.    The  mucosa  shows  a  very  slight  amount  of  congestion,  no  ulceration, 
and  is  intact   throughout.     Under  the  microscope  it   appears  normal.    Loop 
fluid  preserved  for  further  study. 

The  protocol  of  Dog  15-10  (Table  III)  is  a  good  example  of  un- 
complicated closed  intestinal  loops  of  a  certain  type.  It  will  be 
seen  that  the  non-coagulable  nitrogen  of  the  blood  rises  regularly 
with  the  intoxication  developing  under  these  conditions.  It  must 
not  be  forgotten  that  these  loops  include  the  lower  half  of  the  duo- 
denum and  much  of  the  upper  jejimum.  The  ends  of  the  loop  are 
closed  by  tapes,  and  the  contents  of  the  upper  duodenum  must  be 
forced  back  into  the  stomach  where  they  gain  access  to  the  jejun- 
um by  a  posterior  gastrojejunostomy.  This  experiment,  therefore, 
causes  an  obstruction  to  the  first  half  of  the  duodenum,  and  this  is 
of  no  small  importance,  as  is  seen  on  comparing  these  experiments 
with  other  closed  loops  of  a  different  sort  in  Table  V.  We  intend  to 
take  up  this  point  in  another  communication. 


TABLE  IV. 
Closed  Loop  of  Jejunum.     Gastro-Enterostomy. 


Dog  No. 

Day  after 
operation. 

Non- 
coagulable 
nitrogen.* 

Remarks. 

15-29 

2 

4 
5 

6 

mg. 
23 

35 
39 

98 

Blood  at  end  of  infusion.  Intoxication  deiinite.  In- 
fusion of  1,000  cc.  of  1%  dextrose  solution. 
Weight  35  lbs. 

\'omiting.     Pulse  fair. 

Dog  weak.  Blood  taken  before  infusion.  1,000  cc. 
of  10%  dextrose.     32  lbs. 

5  p.m.  Infusion  of  1,000  cc.  of  10%  dextrose.  11p.m. 
Animal  moribund.     Killed.     Loop  rupture. 

15-45 

4 
5 

5 

30 

76 

115 

Dog  slightly  intoxicated.     22  lbs. 
10  a.m.  Dog  about  the  same. 

5  p.m.  Dog  looks  sick.     Pulse  weak.     Killed.     Early 
peritonitis. 

15-19 

1 
2 

31 
62 

Blood  at  end  of  operation.     22  lbs. 
Dog  very  quiet.     Died  during  night.     Acute  intoxi- 
cation. 

'  Non-coagulable  nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 
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Long  Loop  of  Jejunum  vdth  Rupture  and  Peritonitis. 

Dog  15-29. — Adult  spaniel,  male,  weight  35  pounds. 

Apr.  23.  Isolated  a  long  loop  including  the  lower  portion  of  the  duodenum 
and  about  3  feet  of  the  jejunum,  using  tapes.  Gastrojejunostomy  performed  as 
usual. 

Apr.  24.  Dog  is  sick.  There  is  much  dark  brown  vomitus.  Pulse  poor,  and 
for  this  reason  infusion  of  normal  salt  solution  plus  1  per  cent  dextrose  was  given 
intravenously,  followed  by  much  improvement. 

Apr.  25.    Intoxication  not  striking. 

Apr.  26.     Much  vomiting.    Weight  33  pounds.    Temperature  38.5°C. 

Apr.  27.  Dog  seems  sick.  Weight  32  pounds.  Temperature  38.4°C.  12  m. 
Infusion  of  1,000  cc.  of  10  per  cent  dextrose.  5  p.m.  Dog  not  much  improved. 
Given  a  second  infusion  of  1,000  cc.  of  10  per  cent  dextrose. 

Apr.  28.  Much  vomiting.  Pulse  tension  low.  Temperature  38.4°C.  Weight 
31.3  pounds.  5  p.m.  Infusion  of  1,000  cc.  of  10  per  cent  dextrose.  Dog  is 
vomiting  constantly.     11  p.m.  Dog  very  sick.     Ether  anesthesia.    Killed. 

Autopsy. — The  peritoneal  cavity  contains  500  cc.  of  blood-tinged  loop  fluid 
of  the  usual  appearance.  The  peritoneum  is  specked  with  ecchymoses,  but  there 
is  no  fibrin.  Rupture  took  place  at  the  site  of  the  lower  ligature,  which 
cut  through  the  wall  of  the  intestine.  Upper  ligature  is  tight.  Death  took  place 
promptly  from  absorption  of  the  toxic  material  poured  from  the  loop  into  the 
peritoneum.  The  organs  show  some  congestion  associated  with  intoxication  by 
means  of  loop  fluid.  Loop  is  empty.  It  shows  congestion  and  some  areas  of 
submucous  hemorrhage  due  undoubtedly  to  acute  distention. 

The  protocol  of  Dog  15-29  (Table  IV)  shows  the  same  rise  in  non- 
coagulable  blood  nitrogen  noted  in  the  closed  intestinal  loop  experi- 
ments of  Table  III.  These  experiments  show  various  complications 
met  with  in  these  loop  experiments, — peritonitis,  rupttire  of  loop,  and 
overwhelming  intoxication.  When  the  intoxication  is  very  acute  and 
severe,  the  infusion  of  normal  salt  or  dextrose  solutions  will  not 
depress  the  level  of  non-coagulable  nitrogen  in  the  blood. 

Long  Loop  of  Jejunum.     Rupture  in  20  Days. 

Dog  16-22. — Fox-terrier,  male;  weight  18.5  pounds. 

Sept.  28.  Isolated  a  long  loop  of  jejunum;  ends  of  loop  sectioned  and  turned 
in;  the  jejunum  joined  around  the  loop  by  end  to  end  anastomosis  to  establish 
direct  continuity  of  intestinal  lumen. 

Sept.  29.  Dog  looks  weU;  no  vomiting.  (See  Table  \'  for  details  of  tem- 
perature, weight,  and  non-coagulable  and  urea  nitrogen).  There  was  steady 
loss  of  weight  during  the  next  week  with  occasional  attacks  of  vomiting;  at  times 
the  dog  eats  a  little  food. 


TABLE  V. 
Long  Loop,  Jejunum,  Ileum. 


Dog  No. 

Day 
after 
opera- 
tion. 

Non- 
coagu- 
lable 
nitro- 
gen.' 

Urea 
nitro- 
gen.' 

Weight. 

Temp. 

Remarks. 

ms. 

mj. 

lbs. 

•c. 

16-20 

1 

49 

9 

39.0 

— 

Before  operation.     Long  loop  jejunum. 

1 

50 

8 

— 

— 

After  operation. 

3 

60 

4 

— 

40.0 

Condition  good. 

4 

28 

7 

— 

40.0 

Dog  has  vomited. 

5 

35 

11 

37.5 

40.1 

No  vomiting. 

8 

24 

8 

36.8 

40.1 

ti          it 

9 

22 

6 

37.3 

— 

Condition  improved. 

10 

28 

8 

37.5 

39.8 

Dog  in  good  condition. 

11 

28 

8 

36.5 

39.7 

it     it      it          it 

13 

33 

12 

35.3 

— 

Dog  vomiting  and  intoxicated. 

14 

53 

16 

— 

— • 

Dog  vomiting.  Infusion  of  1,000  cc.  of 
7'^  de.xtrose  solution. 

15 

51 

18 

33.0 

39.3 

Dog  vomiting,  weaker.     Death  18th  day. 

16-22 

1 

22 

10 

18.5 

— 

Before  operation.     Long  loop  jejunum. 

3 

36 

8 

18.0 

39.4 

Intoxicated.     Xo  \omiting. 

4 

— 

16 

17.5 

— 

Vomiting,  large  amount. 

5 

35 

19 

17.3 

39.3 

Little  vomiting. 

7 

30 

14 

15.8 

38.9 

"           "             Loss  of  strength. 

9 

36 

10 

15.5 

39.1 

No  vomiting. 

11 

35 

12 

15.5 

39.1 

Solid  feces. 

14 

36 

6 

15.3 

— 

Condition  the  same. 

15 

48 

9 

15.0 

— 

No  vomiting. 

16 

43 

10 

14.5 

— 

Animal  looks  into.xicated. 

20 

41 

20 

13.7 

38.8 

Dog  weak.  Infusion  of  1,000  cc.  of  7% 
dextrose. 

21 

64 

29 

— 

— 

Dog    sick.    Killed. 

16-37 

5 

90 

21 

27.3 

38.9 

\'omiting  for  past  3  days.  Long  loop  of 
ileum. 

6 

45 

20 

27.3 

39.1 

Dog  improved;  no  vomiting;  eating. 

10 

53 

20 

25.8 

38.9 

Some  diarrhea. 

11 

— 

13 

— 

— 

Dog  looks  well. 

13 

59 

21 

24.3 

— 

Condition  the  same. 

14 

57 

25 

24  0 

— 

Dog  improved. 

15 

31 

19 

23.8 

— 

Passed  solid  stool.     Eating. 

17 

54 

32 

24.0 

38.9 

Peristalsis  visible  in  abdomen. 

18 

40 

19 

24.0 

39.3 

Dog  losing  ground. 

19 

40 

9 

23.8 

38.9 

Condition  good.     Killed. 

*  Non-coagulable  and  urea  nitrogen  are  given   in  terms  of  mg.   per   100  cc. 
of  blood. 
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Oct.  14.  Dog  has  passed  formed  stools.  No  vomitus.  Weight  14.5  pounds. 
There  is  evidence  of  chronic  intoxication.  Dog  was  injected  with  a  toxic  pro- 
teose obtained  from  ox  pancreas;  dog  was  slightly  intoxicated  by  this  proteose, 
while  a  normal  control  animal  was  fatally  poisoned  in  11  hours  by  a  similar  dose. 

Oct.  15.     Dog  looks  well;  no  vomitus. 

Oct.  18.    Dog  is  very  sick.     Ether  anesthesia.     Killed. 

Autopsy. — Thorax,  heart,  and  lungs  normal;  spleen,  kidney,  pancreas,  etc., 
normal;  liver  rather  atrophic;  no  signs  of  fatty  degeneration.  Peritoneal  cavity 
contains  a  good  deal  of  the  loop  fluid  which  has  escaped  from  a  recent  rupture. 
There  is  little  reaction  in  the  peritoneum  as  the  intoxication  was  so  acute. 
Stomach  and  intestine  outside  of  loop  show  congestion  of  the  mucosa  so  common 
in  proteose  intoxication.  Loop  is  made  up  of  two  parts  isolated  by  old  adhesions. 
One-half  is  slightly  collapsed  due  to  escape  of  fluid  into  the  peritoneum;  there  is 
an  ulcer  in  the  wall,  which  has  perforated  the  mucosa;  all  this  portion  is  somewhat 
red  and  swollen,  and  shows  two  other  ulcers  involving  the  mucosa.  The  other 
half  of  the  loop  consists  of  three  small  coils  twisted  about  its  mesenteric  attach- 
ment; adhesions  have  caused  some  constriction  of  mesenteric  vessels  giving 
engorgement  of  the  loop  but  not  infarction;  this  portion  of  the  loop  contains  a  pale, 
slate  colored  fluid  with  no  blood;  the  mucosa  is  swollen  and  engorged  but 
shows  no  hemorrhage;  the  walls  of  the  loop  are  everywhere  hj'pertrophied. 

The  protocol  of  Dog  16-22  (Table  V)  shows  a  different  t}T)e  of 
closed  intestinal  loop  with  a  slowly  progressing  intoxication  and 
relatively  slight  changes  in  the  non-coagulable  nitrogen  of  the  blood. 
The  loops  of  the  Jejunttm  or  ileum  are  isolated  completely  by  cross  sec- 
tion of  the  gut  in  two  places.  The  loop  is  made  by  turning  in  the  ends 
of  the  isolated  portion  of  the  intestine  or  by  doing  an  end  to  end 
anastomosis  thus  forming  a  circle  out  of  the  isolated  gut.  The  con- 
tintiity  of  the  rest  of  the  intestine  is  established  by  means  of  an  end 
to  end  anastomosis  which  gives  an  unobstructed  flow  from  duodenima 
to  jejunum  and  ilemn.  This  does  away  with  the  obstruction  in  the 
first  half  of  the  duodenimi  which  is  present  in  the  loops  isolated  by 
ligature  and  gastrojejunostomy  (Tables  III  and  lY).  The  difference 
in  severity  of  intoxication  under  these  conditions  is  ob\ious. 

The  urea  nitrogen  readings  in  general  show  a  low  percentage  value 
of  the  total  non-coagulable  nitrogen.  The  weight  curve  shows  the 
gradual  loss  in  body  weight  due  to  the  chronic  intoxication,  even 
in  the  absence  of  vomiting. 

The  immunity  to  proteose  injection  (Dog  16-22)  shown  by  a  dog 
with  a  long  standing  closed  intestinal  loop  indicates  that  the  presence 
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of  a  closed  loop  of  intestine  causes  a  chronic  proteose  intoxication 
which  gives  a  certain  degree  of  immunity  against  poisoning  by  various 
foreign  proteoses.  This  point  will  be  taken  up  in  another  com- 
munication and  the  experiments  will  be  given  in  detail. 

TABLE  VI. 
Long  Loop,  Jejunum,  Ileum,  Complications. 


Dog  No. 

Day 
after 
opera- 
tion. 

.\on- 
coagu- 
lable 
nitro- 
gen.* 

me- 

Urea 
nitro- 
gen.* 

Weight. 

Temp. 

Remarks. 

MS. 

lbs. 

•c. 

16-42 

3 

32 

13 

21.0 

39.1 

Long  loop  jejunum,  obstruction,  peritonitis. 

4 

39 

15 

20.5 

39.0 

Considerable  vomiting. 

5 

39 

13 

20.7 

38.8 

"                "             Animal  looks  sick. 

6 

50 

22 

21.0 

37.9 

9.30  a.m.    No  vomitus. 

6 

56 

39 
14 

— 

34.5 

4  p.m.    Dog  to.xic.    Killed. 

16-48 

4 

30 

19  5 

39.0 

Long  loop  jejunum,  terminal  obstruction, 

and  volvulus. 

6 

45 

19 

19.0 

39.2 

Condition  good.     No  vomiting. 

8 

32 

15 

19.3 

38.8 

Condition  the  same. 

12 

46 

22 

19. S 

39.3 

"       "         Found  dead  on  13th 

1 

day. 

16-57 

58 

23 

18.5 



Short  loop  of  ileum.     General  peritonitis. 

6 

-14 

11 

15.5 

39.3 

Dog  has  been  in  good  condition. 

8 

166 

51 

15.5 
27.5 

36.8 

Some  vomiting.   Animal  moribund.    Killed. 

16-71 

1 

36 

12 

— 

Long   loop   of   jejunum.     General    perito- 

nitis. 

2 

36 

12 

26.3 

38.3 

Dog  in  fair  condition. 

4 

53 

31 

— 

— 

Animal  moribund.    KiUed. 

16-39 

1 

— 

15 

24.5 

— 

Long  loop  of  jejunum.  General  perito- 
nitis. 

3 

71 

18 

23.5 

38. 8 

Much  vomiting.  Pulse  poor.  Infusion  of 
1,000  cc.  of  5%  dextrose.  Blood  at  end 
of  infusion.     Death  next  day. 

*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of  mg.  per   100  cc. 
of  blood. 
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Long  Loop  of  Jejunum.     Obstruclion.    General  Peritonitis. 

Dog  16— f2. — Mongrel,  male;  weight  22  pounds. 

Nov.  6.  Isolated  a  long  loop  of  jejunum  by  section  and  inversion  of  ends; 
jejunum  joined  around  the  loop  by  means  of  end  to  end  anastomosis  between 
upper  and  lower  end. 

Nov.  8.    Dog  pretty  well.    Temperature  39.2°C.    Weight  22  pounds. 

Nov.  9.     Much  vomiting. 

Nov.  10.    Dog  seems  better.     (See  Table  VI  for  details.) 

Nov.  11.  Little  vomiting.  Temperature  37.9°C.  Weight  21  pounds.  4 
p.m.  Dog  is  verj'  weak.    Temperature  34.5°C.     Ether  anesthesia.     Killed. 

Autopsy. — Thorax,  heart,  and  lungs  normal.  Peritoneal  cavity  contains  many 
isolated  pockets  of  purulent  exudate.  A  large  round  worm  is  free  in  the  perito- 
neal cavity,  evidently  having  escaped  from  the  loop,  which  contains  numerous 
simOar  worms.  There  are  organized  adhesions  just  below  the  end  to  end  an- 
astomosis causing  a  sharp  kink  and  probably  complete  obstruction.  Duo- 
denum and  jejunum  contain  the  usual  obstruction  fluid.  The  loop  contains 
130  cc.  of  pale,  slate  colored  fluid  with  a  strong  odor.  There  are  numerous  live 
and  active  round  worms  in  the  loop.  No  point  can  be  found  where  the  worm 
escaped  from  the  loop.    The  peritonitis  is  probably  of  1  or  2  days'  duration. 

The  protocol  of  Dog  16-42  (Table  VI)  shows  some  of  the  compli- 
cations which  may  arise  in  the  closed  loop  experiments.  Peritonitis 
is  most  common,  but  volvulus  and  obstruction  may  occur.  These 
complications  do  not  modify  the  picture,  and  we  have  good  evi- 
dence that  peritonitis  alone  may  be  associated  with  a  high  non-coag- 
ulable  nitrogen.  It  is  of  interest  to  note  that  we  have  been  able  to 
isolate  a  to.xic  proteose  from  peritoneal  exudates,  and  we  beHeve 
that  this  proteose  is  of  considerable  importance  in  explaining  the 
intoxication  of  general  peritonitis.  The  rise  in  non-coagulable  nitro- 
gen in  the  blood  may  be  in  part  due  to  the  proteose  intoxication. 

Proteose  Injection.     Rise  in  Non-Coagulable  Nitrogen. 

Dog  15-50. — Small  black  and  tan,  male;  weight  13  pounds. 

12  m.  (A)  Blood  non-coagulable  nitrogen  33  mg.  per  100  cc.  of  blood;  ether 
anesthesia  and  intravenous  injection  of  purified  proteose  obtained  from  closed 
intestinal  loops.  KjTnograph  observation  during  slow  injection  of  65  cc.  of  solu- 
tion of  proteose  which  had  been  reprecipitated  first  by  alcohol  and  then  by  half 
saturation  ^^ith  ammonium  sulphate  as  described  previously  (5).  There  was  a 
little  fall  in  blood  pressure. 

12.45  p.m.  After  injection  (B)  blood  non-coagulable  nitrogen  40  mg.  per  100 
cc.  of  blood. 
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3.15  p.m.     (C)  Blood  non-coagulable  nitrogen  80  mg.  per  100  cc.  of  blood. 

4  p.m.     Death  with  prostration  and  subnormal  temperature. 

Autopsy. — There  is  the  typical  splanchnic  engorgement  due  to  fatal  proteose 
intoxication.  Spleen  and  liver  are  swollen  and  purple.  Mucosa  of  duodenum 
and  jejunum  is  swollen  and  deep  reddish  purple. 

Dog  15-51. — Small  fox-terrier,  female;  weight  15.5  pounds. 

12  m.  (A)  Blood  non-coagulable  nitrogen  39  mg.  per  100  cc.  of  blood.  Ether 
anesthesia  and  intravenous  injection  of  purified  proteose  obtained  from  closed 
intestinal  loops.  Kymograph  observation  during  injection  of  50  cc.  of  fluid 
showed  no  change  in  blood  pressure. 

12.30  p.m.  After  injection  (B)  blood  non-coagulable  nitrogen  32  mg.  per  100 
cc.  of  blood. 

5  p.m.     (C)  Blood  non-coagulable  nitrogen  58  mg.  per  100  cc.  of  blood. 
Dog  is  prostrated;  much  vomiting  and  diarrhea. 

Died  in  night. 

Autopsy. — The  findings  are  characteristic  of  proteose  intoxication.  There  is 
much  blood-tinged  fluid  in  the  intestines,  and  the  mucosa  is  red  and  swollen. 

These  two  experiments  (Dogs  15-50  and  15-51)  are  of  considerable 
interest,  and  show  that  acute  poisoning  with  a  pure  proteose  may  cause 
the  blood  non-coagulable  nitrogen  to  double  in  amount  in  3  hours; 
for  example,  a  rise  from  40  to  80  mg.  The  proteose  used  in  these 
experiments  was  pure,  and  not  over  200  mg.  were  injected.  The 
addition  of  this  to  the  blood  itself  could  not  be  detected  by  any 
method  in  use,  and  the  method  used  by  us  causes  precipitation  of  all 
primary  proteoses  at  least.  The  great  rise  in  non-coagulable  nitrogen 
obviously  must  be  explained  by  disintegration  of  body  or  tissue  pro- 
tein. This  is  of  importance  in  explaining  the  high  non-coagulable 
nitrogen  associated  with  the  closed  loops  of  intestine  or  intestinal  ob- 
struction. In  both  instances  we  are  deaUng  with  a  proteose  intoxi- 
cation, and  we  believe  that  much  of  the  increase  in  blood  non-coagu- 
lable nitrogen  is  due  to  disintegration  of  the  tissues  of  the  body. 
Catabolism,  in  other  words,  must  be  responsible  for  much  of  the 
non-coagulable  nitrogen  rather  than  retention. 

Tables  VII  and  VIII  give  the  nitrogen  partition  of  the  total  non- 
protein nitrogen  of  the  blood  expressed  in  mg.  per  100  cc.  of  blood. 
One  control  nephritis  gives  a  residual  nitrogen  of  1 1  per  cent  and  82 
per  cent  urea  nitrogen.  A  second  case  (Dog  16-49  in  Table  VIII) 
shows  a  similar  picture.  This  experiment  presents  isolation  of  the 
bladder  and  implantation  of  the  ureters  into  the  intestine.    There 
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TABLE  Vn. 
Intestinal  Loops.     Peritonitis  attd  Obstruction. 


No. 

s 

Is 
?! 

1^ 

Urea 
nitrogen. 

o 
'c 
o 

.2  = 
< 

o 

a 

'3 

'o 

S  S 
•C  Si 

3 

2 

•a 

a 

Is 

KM 

d 
a  a 

«).5 
u  a 
U 

Residual 
nitrogen. 

Remarks. 

Dog  16-37 
"    16^2 
"    16-57 
"    16-71 
"    16-80 
"    l.S-45 

40 

56 

166 

5,3 
40 
115 

mj. 

9 

39 
51 
.31 
28 
77 

per 
cent 

23 
69 
30 
58 
70 
60 

1.4 
4.5 
6.0 
3.7 
3.9 

mg. 
0  6 

0.6 

0.6 

1.1 

1.0 

mg. 
0.6 

1.0 

0.8 

0.8 

0.3 

0.8 

ms. 
1.5 

5.6 
11.0 
7.3 
3.1 
5.9 

mg. 
26.9 

5.3 
96.6 
10.1 

3.7 

per 
cent 

67 

9 

58 

19 

9 

Long  loop  of  ileum.  Killed 
19th  day. 

Long  loop  of  jejunum.  Peri- 
tonitis, obstruction. 

Long  loop  of  ileum.  Peri- 
tonitis. 

Long  loojj  of  jejunum.  Peri- 
tonitis. 

Long  loop  of  ileum.  Peri- 
tonitis. 

Long  loop  of  jejunum. 

Cat  16-7 

296 

137 

46 

6.8 

2.3 

0.7 

21.3 

127  9 

43 

Long   loop   of   jejunum   and 
obstruction.     Death    in    4 
days. 

Dog  16-45 
"    16-82 

90 

47 

43 
17 

47 
36 

5.5 
2.5 

1.4 

0.2 

i.i 

22.6 

48 

Simple     obstruction.    Death 

in  5  days. 
Simple     obstruction.     Killed 

in  7  days. 

Case  1 

(Man) 

164 

107 

65 

2.3 

0.9 

0.3 

10.2 

35.2 

21 

Simple     obstruction.     Pneu- 
monia.    Death  in  5  days. 

Nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

was  some  obstruction  to  the  outflow  of  urine  and  some  escape  into  the 
peritoneum  with  an  irritant  peritonitis  and  absorption  consequent  to 
this.  Here  there  are  two  factors — retention  or  lack  of  elimination 
plus  peritonitis. 

The  tables  show  a  high  per  cent  of  residual  nitrogen  or  a  low  rela- 
tive per  cent  of  urea  nitrogen.  This  is  true  particularly  in  the  severe 
proteose  intoxication  with  high  non-coagulable  nitrogen.  Similar 
high  readings  in  cases  of  nephritis  and  retention  will  scarcely  show 
such  high  percentages  of  residual  nitrogen.     For  this  reason  we  be- 
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TABLE  Vm. 

Bladder  Isolation,  Chronic  Nephritis,  Peritonitis,  etc. 


Dog  No. 

V 

|g 
S2 
§■5 

Urea 
nitrogen. 

e 

'3 
o 

as 
< 

2 
'3 

■a  a 

i 

a 

.9   . 

O 

a 
.-  g 

O 

Residual 
nitrogen. 

Remarks. 

mi. 

me. 

ptr 
cent 

mg. 

mt. 

mj. 

mj. 

me. 

per 
cent 

16^9 

130 

91 

70 

2.3 

0.3 

0.4 

7.1 

28.9 

22 

Bladder  isolation.  Urine  es- 
cape.   Peritonitis. 

16-01 

.?6S 

304 

82 

6.8 

2.3 

1.0 

12.0 

41.9 

11 

Chronic  nephritis.  Old  dog. 
Hemorrhagic  gastritis. 

16-62 

72 

42 

58 

4.2 

1.0 

0.5 

1.1 

23.2 

32 

Acute  distemper. 

16-65 

36 

18 

50 

2.8 

0.3 

0.6 

5.2 

9.1 

25 

Drained  loop  of  ileum.  Sub- 
cutaneous abscess. 

16-67 

40 

16 

40 

1.5 

1.8 

0.6 

3.8 

16.3 

40 

Skin  incisions.  Mild  dis- 
temper. 

16-69 

164 

58 

38 

4.2 

1.2 

0.9 

5.3 

94.4 

57 

General  peritonitis. 

16-85 

67 

29 

43 

3.1 

0.4 

0.7 

3.6 

30.2 

45 

Distemper.     Pneumonia. 

Nitrogen  is  given  in  terms  of  mg.  per  100  cc.  of  blood. 

lieve  that  the  non-coagulable  nitrogen  determination  gives  more 
information  than  does  urea  nitrogen,  and  is  of  more  clinical  value  in 
diagnosis  and  prognosis. 

The  blood  content  of  amino  nitrogen  and  uric  acid  nitrogen  is 
low  normal,  and  shows  fluctuations  within  normal  limits.  Ammonia 
nitrogen  was  done  in  the  majority  of  experiments  but  the  method  is 
inaccurate  and  the  values  are  probably  too  high.  It  seemed  best  to 
leave  these  analyses  out  of  the  table  and  assume  that  ammonia  ni- 
trogen is  included  in  the  urea  nitrogen.  The  difference  scarcely 
exceeds  1  mg.  at  the  most. 

The  creatine  fraction  is  constantly  low,  but  it  is  of  interest  to 
note  that  the  creatinine  nitrogen  may  be  very  high  in  many  of  these 
proteose  intoxications,  particularly  in  intestinal  obstruction  and 
closed  intestinal  loops.  There  are  many  readings  of  more  than  5  mg. 
per  100  cc.  of  blood,  and  one  experiment  (Table  VII,  Cat  16-7) 
shows  a  reading  of  21.3  mg.  This  occurred  in  a  cat  with  intestinal 
obstruction  plus  a  closed  intestinal  loop  with  a  non-coagulable  ni- 
trogen of  296  mg.  per  100  cc.of  blood.    The  kidneys  in  all  these  cases, 
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unless  otherwise  noted,  were  normal.  It  is  to  be  recalled  that  all 
these  animals  were  sick  and  refused  food — in  fact  the  majority  were 
vomiting  more  or  less.  A  human  case  of  intestinal  obstruction  and 
pneumonia  shows  a  very  high  creatinine  value,  10.2  mg.,  but  autopsy 
showed  practically  normal  kidneys. 

Human  Intestinal  Obstruction.    Death  in  5  Days. 

Case  I. — C.  K.,  German,  male,  68  years  of  age. 

Past  History. — Negative. 

Present  Illness. — Began  Jan.  16,  1916,  with  indefinite  pain.  No  bowel  move- 
ments since  this  time. 

Jan.  17.  A  good  deal  of  epigastric  pain  with  vomiting,  which  became  fecal 
in  type  the  following  day.     Patient  given  castor  oil  and  salts  without  results. 

Jan.  18.     Condition  unchanged,  except  that  vomiting  became  more  severe. 

Jan.  19.    Entered  hospital.     .\t  this  time  he  had  marked  abdominal  tender- 
ness, and  was  vomiting  frequently.     \'omitus  fecal  in  odor,  watery,  with  fine 
brownish  precipitate.     Blood  obtained  showed  ver>-  high  non-coagulable  nitro 
gen.     Patient  given  900  cc.  of  6  per  cent  glucose  with  sodium  carbonate  intra- 
venously.    Infusion  improved  condition  of  patient. 

Blood  Examination. — White  blood  cells  18,400;  hemoglobin  90  per  cent. 

3  p.m.  Laparotomy  and  abdominal  e,xploration.  .A.  portion  of  greatly  con- 
gested intestine,  about  10  cm.,  was  found;  the  wall  was  edematous.  It  was  placed 
back  in  the  abdominal  cavity.    Abdomen  closed.     Volvulus(?). 

Jan.  20.  10  a.m.  Blood  again  obtained,  and  showed  some  decrease  in  non- 
coagulable  nitrogen;  vomiting  not  so  marked;  considerable  fecal  matter  obtained 
by  means  of  an  enema.  Pulse  not  good.  4  p.m.  Blood  again  obtained;  showed 
rising  non-coagulable  nitrogen.  Given  infusion  of  750  cc.  of  6  per  cent  glucose 
intravenously. 

Jan.  21.  6  a.m.  Patient  died  in  stupor.  Blood  obtained  by  cardiac  puncture 
a  few  minutes  after  death. 

Autopsy  performed  5  hours  after  death. 

Anatomical  Diagtiosis. — -Intestinal  obstruction;  volvulus  (?);  operation  wound 
for  relief  of  obstruction;  early  infarction  and  necrosis  of  loop  of  ileum;  early 
serofibrinous  peritonitis;  bronchopneumonia  (pseudolobar)  of  both  lungs;  acute 
hemorrhagic  bronchitis;  cloudy  sweUing  of  viscera. 

The  abdomen  is  considerably  distended  and  tense.  On  incision  a  small  amount 
of  blood-tinged,  slightly  turbid  fluid  is  found  between  the  coils  of  an  enormously 
distended  small  intestine.  The  loops  are  somewhat  glued  together  by  dry,  plastic 
exudate.  The  surface  of  the  intestines  is  somewhat  drj-  and  ver)'  definitely  in- 
jected, more  especially  in  the  region  of  the  abdominal  incision.  There  are  no  ad- 
hesions except  over  the  spleen.  There  are  no  hernial  openings  to  be  found  in  the 
pelvis  or  inguinal  region.     One  of  the  stitches  in  the  abdominal  wound  has  caught 
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and  firmly  held  a  bit  of  omentum.  One  segment  of  the  intestine,  dark  red  in  color  and 
considerably  swollen,  measuring  about  15  cm.  in  length,  is  found  close  to  the  liver. 
The  swelling  involves  the  wall  of  the  intestine  and  the  mesenter>'  to  a  distance  of 
about  S  cm.  from  the  intestinal  attachment.  There  is  a  clean-cut  line  of  demarca- 
tion between  the  relatively  normal  but  elongated  mesentery  and  the  short,  inflamed, 
edematous  mesenteric  portion  close  to  the  intestine.  The  line  of  demarcation  on 
the  intestine  is  quite  sharp,  particularly  at  the  upper  end.  It  appears  as  though 
a  band,  or  definite  tight  con-triction,  had  been  drawn  about  the  portion  of  the 
ileum  including  the  small  part  of  the  mesentery,  shutting  off  a  considerable  part 
of  the  blood  supply.  This  may  have  been  due  to  a  twist  of  the  relaxed  elongated 
mesentery.  This  was  evidently  relieved  at  operation,  but  the  circulation  did  not 
establish  itself  properly  owing  to  tissue  injurj',  and  the  general  appearance  was  that 
suggesting  early  hemorrhagic  infarction.  The  picture,  however,  was  not  com- 
plete. Careful  section  of  the  mesenteric  veins  showed  them  to  be  quite  free  from 
thrombi  even  in  their  finer  branches.  There  may  be  some  very  small  thrombi 
in  the  smaUer  branches  close  to  the  mesenteric  border,  but  these  could  not  be 
dissected  out. 

Lungs. — The  right  limg  weighs  870,  and  the  left  560  gm.  The  lungs  are  volumi- 
nous, cushiony  in  their  anterior  portions;  they  are  heavy  and  consolidated  pos- 
teriorly. The  pulmonic  vessels  are  clear.  The  bronchi  are  intensely  inflamed, 
their  mucosa  is  velvety  and  purple,  and  they  contain  much  serous  blood-tinged 
fluid.  On  section  the  anterior  portions  are  dry  and  cushiony.  The  posterior 
portions  are  consolidated  and  very  moist.  One  can  scrape  off  purulent  material. 
The  consolidation  involves  the  posterior  portion  of  the  left  upper  and  the  greater 
portion  of  the  right  upper  lobe  and  part  of  the  right  middle  lobe.  These  areas 
of  consolidation  are  mottled  gray  and  purplish  red.  Some  of  the  gray  areas  are 
very  soft,  and  creamy  material  can  be  scraped  off,  indicating  a  beginning  reso- 
lution of  the  exudate.  This  pneumonic  process  must  have  been  of  several  days 
duration — estimated  2  to  3  days. 

Kidneys. — Capsule  comes  off  easily  leaving  a  smooth  surface,  but  for  two 
retention  cysts.  There  is  one  large  retention  cyst  in  the  upper  pole  of  the  right 
kidney  measuring  about  2  cm.  in  diameter.  Its  wall  contains  a  few  thin  plaques 
of  calcified  material.  The  kidney  parenchyma  on  section  appears  normal.  The 
pelvis  is  normal. 

Microscopic  Examination.  Kidneys. — There  are  a  few  hyaline  casts  in  some 
of  the  tubules,  also  a  few  hyaline  scars  in  the  cortex.  In  general  the  paren- 
chyma looks  normal  except  for  definite  cloudy  swelling  of  the  epithelium  lining  the 
convoluted  tubules.  There  is  no  epithelial  necrosis.  The  stroma  of  the  pyra- 
mids shows  a  Little  edema. 

Lungs. — The  patches  of  pneumonia  show  the  alveoli  filled  with  an  exudate  of 
coagulated  serum,  mono-  and  polynuclear  ceUs,  fibrin,  and  enormous  numbers 
of  bacteria.  In  places  the  bacteria  form  almost  a  solid  mat  of  rods  showing 
capsules.    The  great  overgrowth  of  bacteria  is  the  striking  feature  of  this  lung. 
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Mesentery. — The  swollen  hemorrhagic  area  shows  a  few  small  recent  thrombi, 
but  most  of  the  veins  are  free.  There  is  extreme  extravasation  of  red  blood  cells 
into  its  stroma.  The  other  portion  of  the  anatomical  protocol  may  be  omitted, 
as  it  has  no  bearing  on  the  points  under  consideration. 

TABLE  IX. 
Human  Intestinal  Obstruction. 


Non- 

coagu- 

Urea 

Time. 

lable 
nitro- 
gen.' 

nitro- 
gen.' 

Urea. 

Remarks. 

mj. 

mj. 

per  cent 

2  hrs.  before  operation. 

145 

30 

20 

.After  infusion  of  900  cc.  of  1%  sodium 
carbonate  and  6%  glucose. 

18    "     after 

76 

48 

63 

.\fter  infusion  of  400  cc.  of  6%  glucose. 

26    " 

80 

52 

60 

"       "  750"     "  6%      " 

46    "       " 

164 

107 

65 

Heart  blood  (see  Table  VII). 

*  Non-coagulable  and  urea  nitrogen  are  given  in  terms  of  mg.  per  100  cc. 
of  blood. 

The  human  case  (Table  IX)  is  of  much  interest  as  the  observations 
on  the  blood  are  fairly  complete,  and  autopsy  material  is  available. 
Clinically  it  was  a  clear  case  of  obstruction  due  to  volvulus  with 
partial  infarct  formation  in  the  intestine  and  a  complicating  pneu- 
monia. The  non-coagulable  nitrogen  of  the  blood  was  constantly 
high  in  spite  of  transfusion  at  various  times.  The  elimination  of 
urine  was  considerable,  because  of  the  transfusions,  and  showed 
nothing  of  interest — a  mere  trace  of  albumin  and  an  occasional  cast. 

Table  IX  shows  that  there  is  a  rise  in  urea  and  drop  in  non-coagu- 
lable nitrogen  after  the  first  infusion.  We  have  noted  this  under  the 
same  circumstances  in  dogs,  but  are  not  able  to  advance  an  explana- 
tion. The  high  creatinine  value  (Table  VIII)  is  of  interest,  as  the 
kidneys  are  shown  to  be  practically  normal.  This  case  gives  blood 
findings  identical  with  those  observed  in  animals  under  similar  con- 
ditions, and  indicates  that  our  experiments  give  information  which 
may  be  of  value  in  the  study  of  human  cases. 


DISCUSSION. 


We  beheve  that  it  may  be  assumed  as  proven  that  the  non-coagu- 
lable nitrogen  of  the  blood  in  the  majority  of  instances  is  definitely 
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increased  in  intestinal  obstruction  or  with  closed  loops  of  intestine 
With  acute  intoxication  this  rise  in  non-coagulable  nitrogen  is  apt  to 
be  more  striking  and  constant.  When  this  rise  in  non-coagulable 
nitrogen  of  the  blood  does  occur,  it  is  a  grave  sign,  and  is  a  clinical 
index  of  a  severe  intoxication  even  in  spite  of  other  clinical  evidence 
to  the  contrary.  But  a  low  non-coagulable  nitrogen  does  not  guar- 
antee a  mild  grade  of  intoxication.  We  are  convinced  that  a  knowl- 
edge of  the  blood  non-coagulable  nitrogen  is  of  considerable  cUnical 
value  in  the  prognosis  of  acute  abdominal  conditions. 

It  should  be  kept  in  mind  that  the  urea  nitrogen  as  well  as  creatinine 
nitrogen  may  show  high  values  in  these  conditions,  and  these  points 
may  be  of  value  in  differential  diagnosis.  It  is  established  that  other 
conditions  besides  chronic  nephritis  may  show  a  marked  increase  in 
the  creatinine  and  urea  nitrogen  of  the  blood.  It  should  be  recalled 
that  "creatinine  rises  above  2.5' mg.  per  100  cc.  of  blood  almost  with- 
out exception  only  in  conditions  with  renal  involvement"  (Myers 
and  Lough  (6)).  The  conditions  studied  by  us  show  a  high  creatinine 
fraction  and  constitute  exceptions  to  this  statement. 

It  will  be  noted  that  the  undetermined  nitrogen  in  these  experi- 
ments is  unusually  high — more  so  than  in  cases  of  nephritis  with  high 
non-coagulable  nitrogen.  This  may  be  a  peculiarity  of  this  t>pe  of 
intoxication  as  contrasted  with  simple  retention  of  nitrogenous  ma- 
terial, and  a  study  of  this  point  may  bring  out  much  valuable  infor- 
mation. 

Having  estabhshed  the  fact  that  the  non-coagulable  nitrogen  of 
the  blood  is  much  increased  in  many  cases  of  intestinal  obstruction 
or  of  closed  intestinal  loops,  we  may  now  ask:  WTiy  does  not  the 
kidney  eliminate  these  substances  immediately?  The  kidneys  are 
normal  in  gross  and  by  fimctional  tests  in  practically  all  cases.  There 
can  be  no  true  retention  because  of  impaired  kidney  function.  There 
may  be  two  or  more  factors  concerned.  We  know  that  in  intestinal 
obstrucrion  the  current  of  fluid  is  mainly  out  of  the  body  and  by  way 
of  the  intestinal  tract,  and  it  is  possible  that  this  favors  the  accumu- 
lation of  certain  products  in  the  blood  stream.  The  kidneys  excrete 
small  amounts  of  highly  concentrated  urine. 

It  is  to  be  remembered,  too,  that  injection  of  a  small  amoimt  of  a 
toxic  proteose  may  cause  a  great  rise  in  non-coagvilable  nitrogen  in 
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the  blood;  for  example,  a  rise  from  40  to  80  mg.  in  3  hours.  This 
cannot  be  due  to  lack  of  elimination,  and  we  must  assume  destruction 
of  body  protein  to  account  for  this  remarkable  change.  We  may 
assume  that  any  acute  proteose  intoxication  may  be  associated  with 
a  similar  rapid  rise  in  non-coagulable  nitrogen  in  the  blood.  When  we 
have  more  information  about  this  point,  we  may  better  understand  the 
manner  in  which  the  toxic  proteoses  injure  the  body  and  perhaps  the 
various  methods  of  body  defense. 

General  peritonitis  is  often  associated  with  a  definite  rise  in  non- 
coagulable  nitrogen  of  the  blood.  How  may  we  explain  this  obser- 
vation? It  may  be  argued  that  paralytic  ileus  is  alone  responsible, 
and  this  may  be  true  in  part.  However,  we  think  it  important  that 
a  toxic  proteose  can  be  isolated  from  the  exudate  in  cases  of  general 
peritonitis,  and  obviously  must  be  absorbed  by  the  host.  The  pro- 
teose intoxication  may  well  be  responsible  for  this  change  in  non- 
coagulable  nitrogen.  We  hope  to  report  further  on  this  point  in  the 
near  future. 

SUMMARY. 

Intestinal  obstruction,  as  a  rule,  is  associated  with  an  increasing 
amount  of  non-coagulable  nitrogen  in  the  blood.  With  acute  in- 
toxication the  rise  in  non-coagulable  nitrogen  may  be  rapid  and 
reach  as  high  as  three  or  even  ten  times  normal.  With  more  chronic 
intoxication  there  may  be  little  or  no  rise  in  the  blood  non-coagulable 
nitrogen. 

Closed  intestinal  loops  show  exactly  the  same  picture,  and,  when 
combined  with  obstruction,  may  give  very  high  nitrogen  readings. 

Acute  proteose  intoxication  due  to  injection  of  a  pure  proteose 
will  show  a  prompt  rise  in  blood  non-coagulable  nitrogen,  even  an 
increase  of  100  per  cent  within  3  or  4  hours. 

These  intoxications  also  show  a  high  blood  content  of  creatinine 
and  urea.     The  residual  or  undetermined  nitrogen  may  be  very  high. 

A  human  case  of  intestinal  obstruction  wth  autopsy  presents 
blood  findings  exactly  similar  to  those  observed  in  many  animal 
experiments. 

Clinically  the  non-coagulable  nitrogen  of  the  blood  may  give  in- 
formation of  value  in  intestinal  obstruction.    A  high  reading  means 
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a  grave  intoxication,  but  a  low  reading  may  be  observed  in  some 
fatal  cases  and  gives  no  assurance  that  a  fatal  intoxication  may  not 
supervene. 

The  kidneys  in  practically  all  these  experiments  are  normal  in  all 
respects. 

It  is  possible  that  protein  or  tissue  destruction  rather  than  im- 
paired eliminative  function  is  responsible  for  the  rise  in  non-coagulable 
nitrogen  of  the  blood  in  these  acute  intoxications. 

Transfusions  of  dextrose  solutions  often  benefit  intestinal  obstruc- 
tion, and  may  depress  the  level  of  the  non-coagulable  nitrogen  in  the 
blood.  Some  cases  show  no  change  in  non-coagulable  nitrogen  fol- 
lowing transfusions  and  diuresis,  and,  as  a  rule,  such  cases  present 
the  most  severe  intoxication. 

The  writers  wish  to  express  their  appreciation  of  the  assistance 
given  by  Dr.  A.  R.  Kilgore  and  Dr.  T.  Stearns  of  the  University 
of  California  Hospital. 
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This  coniinuiiication  deals  with  the  etiology  of  the 
intoxication  which  develops  in  intestinal  obstruction, 
general  peritonitis  and  acute  hemorrhagic  pancreatitis. 
It  has  been  demonstrated'  that  the  intoxication  of 
intestinal  obstruction  is  due  to  a  primary  proteose 
which  may  be  precipitated  by  tive  volumes'  of  95  per 
cent,  alcohol  or  by  half  saturation  with  ammonium 
sulphate.  It  is  comparatively  easy  to  isolate  the  poison 
from  closed  loops  of  the  intestine.  This  proteose  is 
very  toxic  and  100  mg.  may  suffice  to  poison  fatally  a 
15  pound  dog. 

Peritonitis  and  jiancreatitis  have  some  clinical  fea- 
tures in  common  with  acute  intestinal  obstruction.  At 
times  there  may  be  .some  difticulties  in  differential  diag- 
nosis. We  propose  to  show  that  the  intoxication  in 
these  three  conditions  is  due  in  large  part  to  toxic 
l)roteoses.  There  may  well  be  other  substances  con- 
cerned, but  1  believe  that  the  proteose  is  the  most 
important  factor  in  the  toxic  reaction  following  peri- 
tonitis and  pancreatitis. 

It  may  be  objected  that  when  a  toxic  ])roteose  is 
isolated  from  a  closed  loop  of  intestine  this  substance 
is  not  actually  concerned  in  the  intoxication.  For 
example,  it  cannot  be  demonstrated  in  the  blood. 
Hut  when  a  toxic  proteose  is  isolated  from  the  exu- 
date of  a  general  peritonitis,  no  valid  reason  can  be 
given  why  this  substance  is  not  concerned  in  the  asso- 
ciated intoxication.     Absorption    from   the  peritoneal 

*  Read  before  the  Association  of  American  Physicians,  Washineton. 
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ca\ity  is  known  to  be  very  rapid,  and  any  soluble  sub- 
stance like  a  proteose  will  be  absorbed  into  the  blood 
stream  with  alacrity.  We  can  show  that  a  peritoneal 
exudate  contains  a  toxic  proteose  which  is  precipitable 
by  five  volumes  of  95  per  cent,  alcohol  and  closely 
resembles  the  proteose  isolated  from  closed  intestinal 
loops.  It  gives  the  same  biologic  reaction  when 
injected  into  animals. 

Further,  it  can  be  shown  conclusively  that  this  pro- 
teose is  not  due  to  bacterial  activity,  as  a  toxic  pro- 
teose can  be  demonstrated  in  a  sterile  peritonitis  caused 
by  turpentine,  aleuronat  or  bile.  It  seems  safe  to 
assume,  therefore,  that  the  proteose  must  be  derived 
from  the  proteins  of  the  host.  In  a  general  peritonitis 
due  to  bacteria  the  same  proteose  can  be  isolated,  and 
it  is  logical  to  suppose  that  here  too  the  proteose  may 
be  derived  from  the  tissues  or  tissue  proteins  of  the 
host. 

A  sterile  hemorrhagic  pancreatitis  may  be  produced 
by  the  injection  of  bile  into  the  pancreatic  duct.  The 
clinical  picture  of  into.xication  under  these  conditions 
is  familiar  and  is  very  like  that  of  acute  intestinal 
obstruction.  During  the  first  twenty-four  hours  after 
the  operation  the  animal  may  be  killed,  the 'pancreas 
rapidly  ground  up  in  water,  the  mixture  centrifugal- 
ized  and  the  supernatant  fluid  poured  into  five  volumes 
of  95  per  cent,  alcohol.  This  precipitate  contains 
much  albumin  which  can  be  removed  by  heat  in  a 
faintlv  acid  solution.  The  slightly  opalescent  filtrate 
can  be  concentrated  and  tested  in  animals  to  show  the 
presence  of  a  toxic  proteose.  The  amount  of  proteose 
here  is  not  great  as  compared  with  the  amount  in  an 
intestinal  obstruction,  but  this  difference  may  be  due 
to  the  great  difference  in  rapidity  of  absorption.  It 
is  possilDle  that  the  proteose  is  absorbed  from  the  pan- 
creas almost  as  rapidly  as  it  is  formed.  Jobling-  has 
brought  indirect  evidence  to  show  that  there  is  a  pro- 
teose intoxication  in  acute  pancreatitis. 

Considerable  data-'  has  been  published  recently  to 
show  the  rise  in  noncoagulable  nitrogen  of  the  blood  in 
many  conditions  of  intoxication,  especially  in  acute 
intestinal    obstruction.     The    noncoagulable    nitrogen 
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may  rise  from  a  level  of  25  mj;.  jier  luitidrcd  c.c.  of 
blood  to  100  or  even  200  mg.  There  is  no  lack  of 
eliminative  power  in  the  kidneys  to  account  for  this. 
.\cute  proteose  intoxications  due  to  the  injection  of  a 
pure  proteose  into  a  normal  dog  may  show  a  rise  in 
noncoagulable  nitrogen  from  25  mg.  per  hundred  c.c. 
of  hlood  to  40  or  60  mg.  within  three  or  four  hours. 
A  similar  rise  in  blood  noncoagulable  nitrogen  may  be 
found  in  association  with  general  peritonitis,  whether 
sterile  or  septic,  and  acute  hemorrhagic  pancreatitis. 

Experiments  have  been  carried  out  to  explain  the 
rise  in  noncoagulable  blood-nitrogen  in  these  condi- 
tions—  intestinal  obstruction  (including  closed  loojis 
of  intestine),  general  peritonitis  and  acute  hemorrhagic 
pancreatitis  —  and  also  in  pleuri.sy  and  abscess  forma- 
tion (Cooke,  Stearns  and  Whipple,  unpublished). 
Dogs  kept  in  metabolism  cages  during  starvation 
after  four  or  five  days  show  a  constant  urinary  nitro- 
gen elimination  per  twenty-four  hours.  If  a  small 
dose  of  pure  proteose  is  given  intravenously  there  will 
be  a  great  increase  in  the  urinary  nitrogen  elimination 
—  perhaps  much  over  100  per  cent,  increase  per  day, 
and  the  increase  lasts  over  three  to  five  days.  The 
greatest  increase  appears  usually  on  the  second  day 
after  injection  and  not  during  the  first  twenty-four 
hours  as  would  be  expected.  This  nitrogen  must  be 
derived  from  the  tissues  of  the  animal,  and  it  is  to  be 
emphasized  that  the  catabolism  and  increased  elimina- 
tion lasts  for  days.  The  ra])id  rise  in  blood  non- 
coagulable nitrogen  may  last  only  a  few  hours  follow- 
ing the  injection  and  is  usually  best  seen  in  fatal  cases 
in  which  the  tissue  destruction  is  extreme.  But  all 
the  evidence  points  to  catabolism  of  the  hosts'  tissues 
due  to  the  proteose  intoxication  as  explaining  the  high 
nonprotein  nitrogen  of  the  blood. 

In  like  maimer,  a  dog  on  starvatif)n  with  a  uniform 
urinary  nitrogen  excretion  will  show  a  great  rise  in 
nitrogen  elimination  if  a  closed  loop  of  intestine  is 
])roduced.  The  rise  may  be  much  over  100  per  cent, 
elimination  in  twenty-four  hours,  and  may  last  many 
days.  A  certain  type  of  simple  duodenal  obstruction 
can  be  produced  with  which  there  will  be  little  or  no 
vomiting  and  no  dehydration.  In  such  cases  animals 
may  show  over  200  per  cent,  increase  in  urinary  nitro- 
gen elimination  per  twenty- four  hours,  and  death  in 


six   or   eight    days   may   show   a    blood   noncoagulable 
nitrogen  well  over  100  mg.  per  hundred  c.c.  of  blood. 

Similar  experiments  may  be  performed  on  dogs  with 
uniform  nitrogen  excretion  when  a  pancreatitis,  peri- 
tonitis, pleurisy  or  sterile  abscess  has  been  ]jroduccd. 
The  same  prompt  rise  in  nitrogen  elimination  will  fol- 
low the  infiammation.  It  is  not  to  be  considered  for  a 
moment  that  this  reaction  means  simply  a  disintegra- 
tion of  tissue  at  the  site  of  inflammation  and  an 
elimination  of  the  nitrogen  from  this  tissue  only.  We 
are  dealing  with  an  increase  of  2  or  3  gm.  of  nitrogen 
per  twenty- four  hours  which  can  scarcely  be  accounted 
for  by  injury  of  the  local  tissue.  We  assume  that  the 
injury  of  the  local  tissue  gives  rise  to  toxic  proteoses 
which  are  absorbed  into  the  blood  and  injure  the 
entire  organism,  causing  among  other  things  a  consid- 
erable destruction  of  tissue  protein  in  all  parts  of  the 
bodv  and  the  resultant  increase  in  blood  noncoagulable 
nitrogen  followed  by  a  great  rise  in  urinary  nitrogen. 

These  toxic  proteoses  isolated  from  the  intestine, 
from  the  peritoneum  and  from  the  pancreas  have  cer- 
tain biologic  reactions  in  common,  but  give  no  specific 
reactions  by  which  we  can  differentiate  them.  They 
give  no  anaphylactic  reactions  in  guinea-pigs,  no  pre- 
cipitins, no  complement  fixation.  It  has  been  shown^ 
that  the  blood  of  dogs  injected  rejieatedly  with  pro- 
teose cannot  destroy  the  toxic  ])roteose,  whereas  the 
tissues  of  such  animals  can  rapidly  destroy  such 
proteoses,  in  vitro. 

The  proteose  concerned  in  tlie  intoxication  of  intes- 
tinal obstruction  is  resistant  to  digestion  by  intestinal 
mucosa,  and  pancreatitic  and  tissue  ferments.  \\  e 
have  not  yet  determined  whether  the  toxic  proteoses 
concerned  in  hemorrhagic  pancreatitis  and  general 
peritonitis  possess  the  same  resistance  to  digestive 
enzymes. 

Any  animal  injected  with  one  jjroteose  becomes 
resistant  not  only  to  this  proteose  but  also  to  other 
proteoses.  For  example,  proteose  from  human  material 
when  injected  into  a  dog  will  give  tolerance  to  any  of 
the  proteoses  obtained  from  the  intestine  or  peritoneum 
of  the  dog  or  cat.  This  holds  for  all  proteoses  tested 
by  us. 
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It  is  important  to  note  that  dogs  with  long  continued 
obstruction  or  closed  intestinal  loops  will  survive  lethal 
doses  of  pure  proteose  with  but  few  clinical  symptoms 
of  intoxication.  Dogs  recovering  from  a  sterile 
pleurisy  or  peritonitis  also  show  a  definite  resistance 
or  tolerance  to  subsequent  proteose  injections.  All 
this  evidence  .strengthens  the  argument  that  a  proteose 
intoxication  is  present  in  these  various  conditions. 

Other  conditions  in  which  inflammation  and  pus 
fomiation  or  tissue  destruction  are  conspicuous  may  be 
considered  in  which  it  is  possible  that  toxic  proteoses 
may  be  concerned.  We  have  made  experiments  with 
sterile  pleurisy,  considered  as  identical  with  pertitonitis, 
and  with  sterile  abscess  formation,  but  do  not  care  to 
report  our  findings  at  this  time.  Infarcts,  pneu- 
monia and  many  other  conditions  are  interesting  possi- 
bilities which  are  being  studied. 

I  feel  confident  that  sufficient  evidence  has  accumu- 
lated to  show  that  there  is  a  definite  proteose  intoxica- 
tion in  intestinal  obstruction  and  allied  conditions,  in 
general  peritonitis,  either  septic  or  sterile,  and  in  acute 
hemorrhagic  pancreatitis.  I  believe  that  the  proteose 
intoxication  is  the  most  important  factor  in  the  general 
intoxication  noted  in  these  conditions.  The  detailed 
experiments  will  be  published  in  the  near  future. 
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